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Foreword 

This report contains the data resulting from the co-firing of b-dRDF pellets and coal in a MO-MW, 
cyclone-fired combustor. these tests were conducted under a Collaborative Research and Development 
Agreement (CRADA). The CRADA partners included the U.S. Department of Energy (DOE), National 
Renewable Energy Laboratory (NFLEL), Argonne National Laboratory (ANL), Otter Tail Power Company, 
Green Isle Environmental, Inc., XL Recycling Corporation, and Marblehead Lime Company. The report 
is made up of three volumes. Volume 1 contains a description of the test facility, the test program, test 
results, and study conclusions and recommendations; Volume 2 contains the fieid data and laboratory 
analysis of each individual run; Volume 3 contains other supporting information, along with quality 
assurance documentation and safety and test plans. With this multi-volume approach, readers can find 
information at the desired level of detail, depending on individual interest or need. 
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Appendix A: Volumetric Flow Rate Determinations 



I n t e r p o l 1  L a b s  R e p o r t  N o  . 2 - 7 3 2 8  
Argonne  N a t i o n a l  L a b s  / OTP B i g  S t o n e  

B i g  S t o n e .  South U a k o t a  

T e s t  No . 3 
No . 1 8 o i l e r  S t a c k  

R e s u l t s  o f  Volumetric F l o w  R a t e  Determination....... Uethod 2 

Date o f  D e t e r m i n a t i o n  . . . . . . . . . . . .  
T i m e  o f  D e t e r m i n a t i o n  . . . . . . .  ( H R S )  

B a r o m e t r i c  p r e s s u r e  . . . . . . .  (IN.HGJ 
P i  t o t  t u b e  c o e f f i c i e n t  . . . . . . . . . . .  

N u m b e r  o f  sarnpl i n g  p o r t s  . . . . . . . . .  
T o t a l  number o f  p o i n t s  . . . . . . . . . . .  
Shape o f  d u c t  .................... 
S t a c k  d i a m e t e r  . . . . . . . . . . . . . . .  ( I N )  

D u c t  area . . . . . . . . . . . . . . . . .  ( S Q - F T )  

D i r e c t i o n  o f  f l o w  . . . . . . . . . . . . . . . .  

S t a t i c  pressure  . . . . . . . . . . .  ( 1 N . W C )  

A v g  . g a s  t e m p  . . . . . . . . . . . . .  ( D E G - F )  

M o i s t u r e  content . . . . . . . . . .  ( %  V / V )  

A v g .  l i n e a r  v e l o c i t y  . . . . .  ( F T / S E C )  

G a s  d e n s i t y  . . . . . . . . . . . . . .  ( L B / A C F )  

M o l e c u l a r  w e i g h t  . . . . . .  ( L B / L B M O L E )  
M a s s  f l o w  o f  g a s  . . . . . . . . . .  ( L B / H R )  

V o l u m e t r i c  f l o w  r a t e .  . . . . . . . . . . . .  
a c t u a l  . . . . . . . . . . . . . . . . . . .  ( A C F M )  
d r y  s t a n d a r d  . . . . . . . . . . . .  ( D S C F M )  

1 0 - 2 6 - 9 2  

800 

2 8 . 7 1  

. 8 4  

4 

1 2  

Round 

2 9 0  

458.69 

U P  

-1.5 

297 

13.98 

80.1 

. 04953 
3 0 . 3 3  

6554101 

2205357 
1264819 

A-1 



I n t e r p o l 1  L a b s  R e p o r t  No . 2 - 7 3 2 8  
A r g o n n e  N a t i o n a l  L a b s  / OTP B i g  S t o n e  

B i g  Stone. S o u t h  D a k o t a  

T e s t  No . 8 
No . I B o i l e r  S t a c k  

R e s u l t s  o f  Volumetric Flow R a t e  Determination....... Method 2 

D a t e  o f  D e t e r m i n a t i o n  . . . . . . . . . . . .  
T i m e  o f  D e t e r m i n a t t o n  . . . . . . .  ( H R S )  

B a r o m e t r i c  p r e s s u r e  . . . . . . .  ( 1 N . H G )  
P i t o t  t u b e  coefficient . . . . . . . . . . .  

Number o f  sampling p o r t s  . . . . . . . . .  
T o t a l  number  of p o i n t s  . . . . . . . . . . .  
Shape  o f  d u c t  .................... 
S t a c k  d i a m e t e r  ............... ( I N )  

D u c t  area  ................. (SQ.FT) 
D i r e c t i o n  o f  f l o w  . . . . . . . . . . . . . . . .  

S t a t i c  p r e s s u r e  . . . . . . . . . . .  ( 1 N . W C )  

A v g  . g a s  t e m p  ............. ( D E G - F )  

M o i s t u r e  c o n t e n t . .  . . . . . . . .  ( %  V / V )  

Avg . l i n e a r  veloclty . . . . .  ( F T / S E C )  

G a s  d e n s i t y  . . . . . . . . . . . . . .  ( L B / A C F )  

Mo l e c u l a r  w e i g h t  . . . . . .  ( L B / L B M O L E )  
M a s s  f l o w  o f  g a s  . . . . . . . . . .  ( L B / H R )  

Volumetr ic  f l o w  r a t e  . . . . . . . . . . . . .  
a c t u a l  ................... ( A C F M )  
d r y  s t a n d a r d  . . . . . . . . . . . .  (DSCFM) 
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8 1 5  
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12 

Round 

290 

4 5 8 . 6 9  

U P  

-1.5 

2 9 4  

15.25 
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Appendix B: Stack Sampling Test Parts 





Appendix C : Field Data Sheets 



























































































































Appendix D: Interpoll Laboratories Analytical Data 























































































Appendix E: Continuous Emission Monitoring Data 



The CEM da ta  i s  repo r ted  i n  t h i s  appendix. The d a t a  l ogger  p r i n t e d  

reports f o r  the SOz, NO,, CO, C02,  and 0, are presented f i r s t  followed by 

c o p i e s  o f  t h e  s t r i p  cha r t s .  The SO, read ings  f o r  October 27 e x h i b i t  a 

d i s c r e p e n c y  between the  da ta  l o g g e r  da ta  and the  s t r i p  cha r t s .  The d a t a  

collected on the  s t r i p  char t  i s  cons idered  v a l i d  and was the d a t a  

repor ted.  A 1  1 o t h e r  d a t a  logger parameters were cross-checked and found 

t o  be v a l i d .  

Fo l l ow ing  t h e  SOt, NO,, CO, Cot# and O2 p r i n t o u t s  and s t r i p  c h a r t s  i s  

t h e  t o t a l  hydrocarbon data.  The charts  were read and the r e s u l t s  

tabu la r i zed .  copies of the s t r i p  c h a r t s  f o l l o w  these r e s u l t s .  
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Appendix F: Triangle Laboratories Analytical Data 



TRIANGLE LABORATORIES OF RTP, INC. 
801 CAPITOLA D R m  
DDRHAM, NC 27713 

Phone: (919) 544-5729 
F a x :  (919) 544-5493, 

DATE : * NOVEMBER 30, 1992 

CLIENT ID : * INTERPOLL LABS 

P . 0 .  m E R  : * 16934KE 

TLI PROJECT No. : * 22314 

CASE NARRATIVE 
MODEL 8290X 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ANALYSIS OF SAMPLES FOR THE PRESENCE OF 

POLYCHLORINATED DIBENZO-g-DIOXINS 

AND 

DIBENZOFURANS 

BY 

HIGE-RESOLUTION GAS CHROMATOGRAPHY 1 
HIGB-RESOLUTION MASS SPECTROMETRY 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

F- 1 



TRIANGLE LABORATORIES OF RTP, INC, 
CASE NARRATIVE 

NOVEMBER 30, 1992 
22314 

Eight MM5 samples were received from INTERPOLL LABS in good 
condition November 4, 1992 and stored in a re f r igera tor  at 4OC. 
The samples were extracted and analyzed according t o  procedures 
described in the  Triangle Labs U s e r  Manual provided with this 
data package. 
sample handling by Triangle Labs will be discussed in the QC 
remark section below. 

Any particular difficulties encountered during the 

A l a b o r a t o r y  method blank -- identified as the TLf MM5 Blank -- 
is prepared along with the samples, 

The release of this particular set of INTERPOLL LABS 
data by Triangle L a b s  was authorized by t he  Quality Control 
Chemist who has reviewed each sample data package individually 
following a series of inspections/reviews. 
general deviations from acceptable QC requirements are identified 
below. 
validity and reliability of the results can be obtained from the 
User Manual (Data Quality Objectives; Section 5). Specific QC 
Problzms Associated with this Particular Project are: 

analytical 

When applicable, 

Comments on the  effect of these deviations upon the 

Sample Preparation Laboratory: After extraction in MeC12 (see 
flowchart), 50% of t he  extract was sent back to Interpoll for PAH 
and PCB analysis. 

Mass Spectrometry: None 

Data Review: Concentrations reported are based on 100% of the 
extract (on a per train basis). 

Any analytes found in the TLI Blank are detected at a level at or 
below the Target Detection Limit. This level of contamination is 
acceptable as per TLI Guidelines. OCDD is not subject to blank 
contamination criteria as per TLI Guidelines, 

Addendum to Section 2.3 of the Data User's Manual 

All sample and calibration analyses are conducted using a 2 UL 
injection volume, unless otherwise specified. 

Addendum to Section 4 . 6  of the Data User's Manual 

Effective December 15, 1989, Triangle Laboratories has adopted a 
new procedure f o r  calculating the  analyte specific detection 
limits. Under this new policy t w o  representative noise height 
determinations are summed and multiplied by an empirically deter- 

2 
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TRIANGLE LABORATORIES OF RTP, XNC. 
CASE NARRATW 

NOVEMBER 30, 1992 
22314 

mined factor  before the detection limit equation given in Section 
4.6 of  the Data User's Manual is applied. The ef fec t  of this 
procedure is to increase DB-225 analyses detection limits by a 
f a c t o r  of 3 . 5 ,  and DB-5 analyses detection limits by a f a c t o r  of 
5 .  This procedure will result i n  a more accurate estimate of 
detection limits. 

The revised formula f o r  DB-225 analyses is: 

ABj * RRF * W VI  

- 3 .5 * Hgi - Anoise 

The revised formula f o r  DB-5 analyses is: 

u1 
Agj * RRF * W 

- 
5 * Hsi - Anoise 

The s p b o l s  are defined in Section 4 . 6  of the Data User's Manual. 

As an example, consider a DB-225 confirmation analysis of a 10 g 
sample. The internal standard spike is 2000 pg, the 13C& 
2,3,7,8-TCDF internal standard area is 12000 area units, the RRF 
is 1.215 and the noise height is 11 units. The 2,3,7,8-TCDF 
detection limit is: 

12000 * 1.215 * 10.0 ' I ' C U ~  

Addendum to Section 3.3.1 in the Data User's Manual 

A I8B" flag is used to indicate that an analyte has been detected 
in the laboratory method blank as well as in an associated field 
sample. This f lag  denotes possible contribution of background 
laboratory contamination to the concentration or amount of that 
analyte detected in t he  field sample. Under Triangle Laborato- 
ries of RTP guidelines, a laboratory blank is acceptable if one 
of the following conditions is satisfied: 1) the tetra through 
hepta CDD/CDF levels are all below the target detection limits 
(TDLs), 2) the analyte levels found are all below 1/3 the theo- 
re t ica l  method detection limit (TMQL), or 3) the contamination 
levels are less than 5% of the levels detected in the associated 
field samples. If these conditions are satisfied or if the  blank 
is unable to be reextracted, the interpretation of the contami- 

3 



TRIANGLE WlBORATORIES OF RTP, INC. 
CASE NARRATIVE 

NOVEMBER 3U, I Y Y f L  
22314 

nation levels relative to the  samples should be as follows: 1) 
analyte quantitations should be considered valid if the level of 
blank contamination is less than five percent of the  level de- 
t e c t e d  in the field sample, 2) analyte quantitations should be 
considered estimated if the analyte level in the sample is five 
to twenty times the level of the analyte in the blank, or 3 )  
analytes whose level in a sample is the same as or less than five 
times the level detected in the associated blank should be con- 
sidered present likely due to laboratory contamination and not 
native to the sample. 

A I1Q" flag is used to indicate the presence of QC ion instabili- 
ties caused by quantitative interferences. Affected analytes m a y  
be overestimated ox underestimated as a result of this interfer- 
ence. A peak is flagged "Q" only i f  it is affected by a QC ion 
deviation greater than 20% full scale as determined relative to 
the labeled standard against which it is quantitated. Total 
PCDD/PCDF quantitations will be flagged "Q" if the interferences 
affect  ten percent or more of the total PCDD/PCDF peak areas. 

A IIU" flag is used to indicate that a specific isomer cannot be 
resolved from a large, coeluting interferent GC peak. The spe- 
c i f i c  isomer is reported as n o t  detected as a valid concentra- 
tion/arnount cannot be determined. The calculated detection 
limit, therefore, should be considered an underestimated value. 

A IIVI8 flag is used to indicate that, although the percent recov- 
e r y  of a labeled standard m a y  be below a specific QC limit, the 
signal-to-noise r a t io  of the peak is greater than 10:l. The 
standard is considered reliably quantifiable. All quantitations 
derived from the standard are considered valid as well. 

A IIPR" flag is used to indicate that a GC peak is poorly re- 
solved. This resolution problem may be seen as t w o  closely 
eluting peaks without a reasonable valley between the peak tops,  
overly broad peaks, or peaks whose shapes vary greatly from a 
normal distribution. The concentrations or amounts reported for 
such peaks are most likely overestimated. 

An I T '  flag is used to indicate labeled standards have been 
interfered with on the GC column by coeluting, interferent peaks. 
The interference may have caused the standard's area to be over- 
estimated. All quantitations relative to t h i s  standard, there- 
fore, may be underestimated. 

An IIE" flag is used to indicate that a PCDF peak has eluted at 
the same time as the associated diphenyl ether ( W E )  and that  the 
DPE peak intensity is ten percent or more of the PCDF peak inten- 
s i t y .  Total  PCDF values are flagged "E" if the total DPE contri- 
bution to the total PCDF value is greater than ten percent. All 
PCDF peaks that are significantly influenced by the presence of 
DPE peaks are quantitated w i t h  EMPC values, regardless of the 
isotopic  abundance ratio. These EMPC values are most likely 

4 
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TRIANGLE LABORATORIES OF RTP, INC. 
CASE NARRATIVE 

PJOVEMBm 3 0 ,  1992 
22314 

overestimated due to the DPE contribution to the peak area. 

An i’RO’l flag is used to indicate that a labeled standard has an 
ion-abundance ratio that is outside of the acceptable QC limits, 
most likely due to a coeluting interference. This may have 
caused the percent recovery of the standard t o  be overestimated. 
A11 quantitations versus this standard, therefore, may be under- 
estimated. 

Should INTERPOLL LABS have any questions or comments regarding 
this data package please feel free to contact us. 

For Triangle Laboratories of RTP, Inc., 

Report Preparation Quality Control 

Deborah E. Hage 
Report Preparation Chemist Report Preparation Chemist 
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TRZANGLE LABORATORIES OF RTP, I N C .  
801 CAPITOLcA DRrVE 
D-, NC 27713 

Phone: (919) 544-5729 
F a :  (919) 5 4 4 - 5 4 9 1  

DATE : * DECEMBER 1 9 ,  1992 

CLIENT XD : * INTERPOLL LABS 

P.0. NUMBER : * 16934KE 

TLI  PROJECT No. : * 22499 

CASE * NARRATM 
MGDEL 8290X 

000000000000000000000000000000000~000000000000000000~~0~00000 0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 

ANALYSIS OF SAMPLES FOR TaE PRESENCE OF 

POLYCHLORINATED DTBENZO-p-DIOXINS 

AND 

DIBENZOFVRANS 

BY 

~ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 - 
0 

0 
0 HIGH-RESOLUTION GAS CHROMATOGRAPBY / 
0 SIGH-RESOLUTION W S  SPECTROMETRY 0 0 

0 
0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 ~ ~ 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 ~ 0 0 0 0  
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TRIANGLE LABOmTORIES OF' RTP, INC. 
C A S S  WURATIVE 

DECEMBER 19, 1 9 9 2  
22499  

Four ash samples were received frcin INTERPOLL LABS in good 
condition November 3 0 ,  1992 and stored in a refrigerator at 4OC. -~ 

The samples w e r e  extracted and analyzed according to procedures 
described in the Triangle Labs User Manual provided with this 
data package. 
sample handling by Triangle Labs will be discussed in the QC 
remark section below. 

Any p a r t i c u l a r  difficulties encountered during t h e  

A laboratory method blank -- identified as the TLI A s h  Blank -- 
is prepared along with the samples. 

The release of t h i s  particular set of INTERPOLL LABS 
data by Triangle Labs was authorized by the  Quality Control 
Chemist who has reviewed each sample data package individually 
following a series of inspections/xeviews. 
general deviations from acceptable QC requirements are identified 
below. 
validity and reliability of the results can be obtained from the 
User Manual ( D a t a  Quality Objectives; Section 5 ) .  Specific QC 
Problems Associated with this Particular Project are: 

Sample Preparation Laboratory: None 

analytical 

When applicable, 

Comments on the effect  of these deviations upon the 

Mass Spectrometry: None 

Data R e v i e w :  None 

Any analytes found i n  the TLI Brank are detected at a l e r e l  at or 
below the Target Detection Limit. This level of contamination is 
acceptable as per TLI Guidelines. OCDD is not subject to blank 
contamination criteria as per TLI Guidelines. 

Addendum to Section 2.3 of the Data User's Manual 

All sample and calibration analyses are conducted using a 2 UL 
injection volume, unless otherwise specified. 

Addendum to Section 4 . 6  of the Data User's Manual 

Effective December 15, 1989, Triangle Laboratories has adopted a 
n e w  procedure for calculating the analyte specific detection 
limits. Under this new policy two representative noise height 
determinations are summed and multiplied by an empirically deter- 
mined factor  before the detection limit equation given in Section 
4 . 6  of the D a t z  User's Manual is applied. 
procedure is to increase DB-225 analyses detection limits by a 

The effect  of t h i s  
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TRXANGLE LABORATORIES OF RTP, INC, 
CASE NARRATIVE 

fac tor  of 3.5, and DB-5 analyses detection limits by a f a c t o r  of 
5 .  This procedure will result in a more accurate estimate of 
detection limits . 

The revised formula for DB-225 analyses is: 

The revised formula for DB-5 analyses is: 

- * H6i - Anaise 
The symbols are defined in Section 4 . 6  of the Data User's Manual. 

As an example, consider a DB-225 confirmation analysis of a I0 g 
sample. The internal standard spike is 2000 pg, the 13CJA- 
2,3,7,8-TCDF internal standard area is 12000 area units, the RRF 
is 1.215 and the noise height is 11 units. The 2,3,7,8-TCDF 
detection limit is: 

Addendum to Section 3 . 3 . 1  in the D a t a  User's Manual 

A 11B3" flag is used to indicate that an analyte has been detected 
i n  the laboratory method blank a5 well as in an associated field 
sample. This flag denotes possible contribution of background 
laboratory contamination to the concentration o r  amount of t ha t  
analyte detected i n  the field sample, Under Triangle Laborato- 
ries of RTP guidelines, a laboratory blank is acceptable if one 
of the following conditions is satisfied: 1) the tetra through 
hepta CDD/CDF levels are a l l  below the target detection limits 
(TDLs), theo- 
retical method detection limit (TMQL), or 3 )  the contamination 
levels are less than 5% of the levels detected in the associated 
field samples. If these conditions are satisfied or if the blank 
is unable to be reextracted, the interpretation of the contami- 

1) nation levels relative t o  the samples should be as follows: 
analyte quantitations - -  should be considered valid i f  the level of 

2 )  the analyte levels found are a l l  below 113 the 

_ _  . 

than five percent of the level de- blank contamination is less 

3 
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tect3d in the field sample, 2 )  analyte quantitations should  be 
considered estimated if the analyte level in the sample is five 
to twenty times t h e  level of the analyte in the blank, or 3 )  
anntytes whose level in a sample is t h e  same as or less than five 
;Limes the level detected in the associated blank should be con- 
sidered present likely due to laboratory contamination and not 
native to the sample. 

A I IQ" flag is used to indicate t he  presence of QC ion instabili- 
t ies  caused by quantitative interferences. Affected analytes m a y  
be overestimated or underestimated as a result of t h i s  in terfer-  
ence. A peak is flagged IIQ" only if it is affected by a QC ion 
deviation greater than 20% f u l l  scale as determined relative to 
the labeled standard against which it is quantitated. Total 
PCDD/PCDF quantitations will be flagged "Q" if the interferences 
affect ten percent or more of the total PCDD/PCDF peak areas. 

A 'IU" flag is used to indicate that a specific isomer cannot be 
resolved from a large, coeluting interferent GC peak. The spe- 
cific isomer is reported as not detected as a valid concentra- 

' tion/amount cannot be determined. The calculated detection 
limit, therefore, should be considered an underestimated value. 

A I'V" flag is used to indicate that, although the percent recov- 
e r y  of a labeled standard may be below a specific QC limit, the 
signal-to-noise ratio of the  peak is greater than 10:l. The 
standard is considered reliably quantifiable. All quantitations 
derived from the standard are considered valid as well. 

A '' PR " flag is used to indicate that a GC peak is poorly re- 
solved. This resolution problem m a y  be seen as two closely 
eluting peaks without a reasonable valley between the peak tops-, 
overly broad peaks, or peaks whose shapes vary greatly from a 
normal distribution. The concentrations or amounts reported f o r  
such peaks are most likely overestimated. 

An I I I I t  flag is used to indicate labeled standards have been 
interfered with on the EC column by coeluting, interferent peaks, 
The interference may have caused the standard's area to be over- 
estimated. All quantitations relative to this standard, there- 
f o r e ,  may be underestimated. 

An ItEIt flag is used to indicate that a PCDF peak has eluted at 
the same time as the associated diphenyl ether (DPE) and that the 
DPE peak intensity is ten percent or more of the PCDF peak inten- 
sity. Tota l  PCDF values are flagged "E" if the t o t a l  DPE contri- 
bution to the total PCDF value is greater than ten percent. All 
PCDF peaks that are significantly influenced by the presence of 
DPE peaks are quantitated with EMPC values, regardless of the 
isotopic abundance ratio. These EMPC values are most likely 
overestimated due to the DPE contribution to the peak area. 

En "RO" flag is used to indicate that a labeled standard hzs an 

4 
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ion--abundance ratio that is outside of the  acceptable QC limits, 
x o s t  likely due to a coeluting interference. This m a y  have 
caused the percent recovery of the standard to be overestimated. 
All q u a n t i t a t i o n s  versus this standard, therefore, m a y  be under- 
es t h a  ted . 

Should INTERPOLL LABS have any questions or comments regarding 
this data package please feel free to contact us. 

For Triangle Laboratories of RTP, Inc., 

Report Preparation 

Amy J. Boehm 

Report Preparation Chemist 

Quality Control 

Report Preparation Chemist 
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Appendix G: Chain of Custody Forms 













































TRIANGLE LABORATORIES OF RTP, INC. 
801 CAPITOLA DRIVE 
DURHAM, NC 27713 

PHONE: (919) 544-5729 
FAX: (919) 544-5491 

THIS REPORT IS PROVIDED TO ACKNOWLEDGE RECEIPT OF YOUR SAMPLE(S), 
AND TO ADVISE YOU OF THE STATUS OF YOUR ORDER- 

KATHY EICKSTADT 
INTERPOLL LABS 
4500 BALL ROAD, N. E. 
CIRCLE PINES, MN 55014-1819 

TYPE AND NUMBER OF SAMPLES 

M23UNITS-8 

PROJECT NAME: ANL-OTP/BIG STONE, S.D. 
PURCHASE ORDER NO.: 16934KE 
REFERENCE NO.: 0100000625 

TRIANGLE LABORATORIES INFORMATION 

DATE SAMPLES RECEIVED: 11/04/92 

UPON RECEIPT, A TLI PROJECT WAS INITIATED TO PROCESS YOUR 
SAMPLES. PLEASE U F E R  TO THE TLI PROJECT NUMBER GIVEN BELOW WHEN 
INQUIRING ABOUT THE STATUS OF YOUR SAMPLES: 

ANTICIPATED DATA PACKAGE SHIP DATE: 12/04/92 

PARAMETERS TO BE ANALYZED: 

D I O X I N  DEPT ORGANICS DEPT INORGANICS DEPT 

DD/DF VOLATILES - M-M TFtAIN - 
2378 TCDF ONLY SEMIVOLATILES TCLP - 
2378 TCDD ONLY ,/ PESTICIDES - METALS IN WATER 

I /  TETRA-OCTA - 

TCDD/DF - 
MONO-OCTA 
CONFIRMATION z 
OTHERS : 

CONTACT(S): 
SALES : 
DATA INTERPRETATION: 
PROJECT STATUS: 

OTHER 

PCB'S 
CBCP ' s 

NON-ROUTINE: 
- 

PAW'S - 
AOX/TQX - 
OTHERS : 

Vicki Wray 
Hani Karam 
Robert Smith 
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Heasuri ng pr inc ip le  

Range 

Accuracy 

Temperature d r i f t  

Noise 

Amb i ent tmperatu re  

Ambient humfdlty 

Response time 

(90% o f  f i n a l  reading) 

SPECIFICATIONS FOf? S 4  ANALYZER 

WESTERN RESEARCH MODEL 721ATZ 

Optical c e l l  length 

Output signal 

NDUV double beam method whlch uses 285 nm 

UV l i g h t  f o r  S q  measurement and 585 nm 

v i s i b l e  l i g h t  t o  compensate f o r  contamina- 
t i o n  o f  a l l  windows, detector d r l f t  or  

changes i n  the in tens i ty  o f  the radiat ion 

source 

SO,: 0 - 500 ppm and 0 - 1000 ppm; but low 
range may be reduced to 0 '- 100 ppm with 

f u l l  scale analog output; t o t a l  dynamic 

range o f  0 - 5000 ppm wi th  1 ppm readabll i -  

t Y  

9% f .s . ,  worst case. Typically bet ter  

than 21% f .s .  

10.5% f . s . P C  

0.5% o f  f u l l  scale, worst case 

0 t o  40 'C 

Less than 100% RH 

(5 seconds 

35 em 

?anel display i s  d i g i t a l  - direct  reading 
I n  ppm,w; output signal: 7 ffeld-selectable 
potentiornetrlc outputs o f  l V ,  2V, SV, 10V 

DC and 100, 200, 500 mV DC. Two outputs 

per range are provided a t  the rear o f  the 
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Interferences 

Linear i ty  

Power supply 

Power consumption 

Instrument, standard. U n i t  equlpped also 
with 4 - 20 mA 

No known Interferences f rom Q2, CC+? CO or 

hydrocarbons; I n t e r n a l l y  compensated for NO 

1 nterf e rence 

51.5% o f  f u l l  scale 

AC 115 V 2 lo%, 60 Hz 

Less than 575 watts 

Electronic span value 

Sample gas f l o w  

Sample gas temperature 

Warmup time Approximately 30 minutes 

External dimensions 7 x 19 x 22 (H x W x D) inch 

Nomlnal 766 @ 77 OF and 29.92 i n  Hg 

1.0 - 5.0 LPH to give desfred response.time 

0 t o  40 *C 

We i ght 40 LB 
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2.m Drift 

O - l O m V a n d O - t W r ~ .  other 

Tberrra Electron torporatton 
I nstruacntr OIvt sion 
8 Vest Forge hrkway 

frank1 In, )Cl<sachurctts 02038 
(617) 520-0430 
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SPECIFICATIONS FOR ACS MODEL 3300 CQ NOIR 

Measuring principle 

Ope rat i ng ranges 

Reproducibility 

Stability 

No1 se 

Ambi ent tempe fatu re 

Ambient humidity 

Response time 
(90% of f i n a l  reading) 

Indicator 

Output signal 

L 1 neari ty 

Power supply 

N D I R  s ing le  beam method 

0 - 500 Pm 
0 - 1000 pprn 

50.5% of full scale 

Zero drift; 2% of full scale/24H 
Span drift; S o f  full scale/24H 

0.5% o f  full scale 

-5 t o  45% 

Less than 90% RH 

Electrdcal system; 2 sec, 3 sec, 

5 sec (selectable with connector) 
Response o f  actual gas; Within 15 
sec (depending on cell length) 

100 l inear division 

OUTPUT 1; DC 0 - 1 V 

OUTPUT 2; DC 0 - 10 mV or DC 0 - 100 mV 

or DC 0 - 1 V or  DC 4 - 20 mA 

(Allowable load resistance 
500Q max. 1 

Better than k2x of full scale (when 
linearizer t s  used) 

AC 115 V 2 lo%, 60 HZ 
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Power consumption Approx. 30 VA 

Mater ia ls  o f  gas- 

contact i ng parts  
Measuring cell; SUS304 

Window; CaF2 

Piping;  Polyethylene 

Sample gas f low rate W m i n  ,C 0.5Q/min 

Sample gas temperature 0 to 55OC 

Purging gas flow rate W m i n  (to be flowed as occasion 
demands) 

Warmup time Approx. 2 hours 

External dimensions 200 x 250 x 541 (H x W x 0 )  mm 

Weight Approx. 11 kg 

F in ish Color MUNSELL N1.5 

Remarks: For combinations of measuring ranges f o r  the dualcomponent 

analyzer, inquiry  should be made to  t h e  manufacturer. 
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Ratfisdil TOTAL HYDROCARBON ANALYZER,  ( F L A M E  IONIZATIOP 
Model RS SS 

TECHNICAL DATES 

M A I N S  :11SVI60H 
RECORDER OUTPUT : O  - 5 V I k-2OmA 

MODEL:  Manual switching 
- Solenoid valves 

HOUSING: - Case, - 19"-Rack 
10 MEASURING R A N G E S :  1 =  0- 

2 = 0 -  100 
3 = 0 -  1,000 
4 = 0- 10,000 

SPECIAL OPTlONS : 
. 

. f'!sm*e. put* qlarln. . . . . . . . . . . . . . . . . . . . . .  

.. ~.Au!v!.. . . . . . . . . . . . . .  .:I. . . . . . . . . . .  

...................................... Sample line 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ANALYZER C O N D I T I O N S :  
Temperature : . .16O."C 

-3,90 Zero Point : . . . . . .  
Gain : . . . . . . . . . . . . .  7,70 

Pressure Setting : Sllmple/Spangas/Zerogas : 200 mbar 
Fuel: Hydrogen :.. . . . . . .  ?A3s b or 
Combustion Air : .  . . . . . . . .  O t V O  bar 
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SPECIFICATIONS FOR ACS WODEL 3300 NDIR 

Measuring pri ncl pl e NDIR single beam method 

Measurable gas components 
and measuring range 

0 - 20% 

Reproducibillty 

Stabi 1 i t y  

S . 5 X  o f  f u l l  scale 

Zero d r i f t ;  o f  f u l l  scale/24H 
Span d r i f t ;  ?S of  f u l l  scale/24H 

Noise 0.5% o f  fu l l  scale 

Ambi ent temperature -5 to 45% 

Ambient humidity Less than 90% RH 

Response t l m e  Electr ical  system; 2 sec, 3 sec, 

(90% o f  f i n a l  reading) 5 sec (selectable with connector) 

Response o f  actual gas; Within 15 

sec (depending on cell length) 

Indicator 

Output s l  gnal 

Linearity 

Power supply 

100 linear dlvision 

OUTPUT 1; DC 0 - 1 V 

OUTPUT 2; DC 0 - 10 mV or  DC 0 - 100 mV 

or DC 0 - 1 V or DC 4 - 20 mA 
(Allowable load resistance 
50021 max. ) 

Better than =% of f u l l  scale (when 

linearizer I s  used) 

AC 115 V 2 lo%, 60 Hz 

H-24 



Power consumption 

Materials o f  gas- 

contacting parts 

Approx. 30 VA 

Measuring c e l l ;  SUS304 

Window; CaF2 
Piping; Polyethylene 

Sample gas flow rate 

Sample gas temperature 

ld/min 5 0.5Q/min 

0 t o  55% 

Purging gas flow rate ld/min ( t o  be flowed as occasfon 

demands) 

Warmup time Approx. 2 hours 

External dimensions 200 x 250 x 541 (H x W x D) mn 

We1 ght Approx. 11 kg 

Finish Color HUNSELL N1.5 

Remarks: For combinations o f  measuring ranges f o r  the dualcomponent 
analyzer, inqulry should be made t o  the manufacturer. 



Semomex 

1420 
Oxygen Analyser 

I Instruction Manual 
Ref: 01420~001A/U 

Order as part No. 01420001A 

was (7982-2842) 

INTER?SLL lkeOFikTuRiES 
4500 BALL aOAD N.E. 

C\RCL'i PINES, MN 550141819 
(61 2) 786-&"20 
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1.3 - Sampling Svstem 

The sampling system of the analyser includes a combination 
filter/automatic f l o w  control device, designed to keep a 
constant flow of sample gas through the measuring cell fo r  
varying input pressures and to prevent the entrance of 
particulate matter i n t o  the measuring cell. Excess flow is 
vented to the by-pass, 

- 1-4 Specification 

Performance Specification (tvpical) 

Repeatability: B e t t e r  than +/-0,2% 0 2  under constant 
conditions. 

Drift: 

Outputs 

Display: 

output: 

Less than 0 . 2 %  02 per week under 
- oonstant conditions. (Excluding 
variation due to barometric pressure 
changes; reading is proportional to 
barometric pressure , ) 

3 1/2 d i g i t  LCD reading 0 . 0  to 100.0% 
oxygen w i t h  overrange capability. 

0 to W (non-isolated) for 0 to 100% oxygen 
available on 'D type connector located 
on the back panel of the instrument. 
Output impedance is less than 10 ohms. 

O p t i o n :  4 - 2OmA i so lated,  Max impedance 5 0 0  ohms. 

F l o w  alarm output: Change over re lay  contact rated at 
3A1115V ac, 1A/24OV ac or 1A/28V dc. 
4 sets  of single pole changeover contacts, 
A l a r m  becomes active when sample gas flow 
through the analyser f a i l s ,  

Sample requirements 

Condition: Clean, dry gas w i t h  dew point 5 deg C 
below ambient temperature 

I 

I n l e t  pressure: 0 - 5  to 3psig (3-5 to 2 l k P a ) .  I n l e t  
pressure changes w i t h i n  this range will 
change the reading by less than 0,1% 0 2 ,  
May be operated up to lOpsig (7OkPa) 
with degraded s t a b i l i t y .  

Flowrate : 

c 

Filtering: 

Date 12.11,87 

1.5 to 6 littes/minute approximately 
depending on sample pressure 

0 - 6 micron replaceable'  filter i n t e g r a l  to 
the .  automatic flow control device, 
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Response the:  Less than IS secs, to 90% at an i n l e t  
pressure of 3psig (2lkPa)- 

Inlet/vent 
connect ions :  1 / 4  inch OD tube (stainless steel) 

sui table  for 6mm ID flexible tubing or 
114 inch  OD corn2ression fittings. 

bfaterials exposed 
to the sample: Sta in le s s  steel ,  Pyrex glass, brass, 

platinum, e p o x y  r e s i n ,  Viton, 
polypropylene and. g lass  f i b r e  filter. 

Physical Characteristics 

Case: S tee1 and, aluminium finished in epoxy 
powder paint .  

Case classification: IP 2 0  (IEC 5 2 9 )  when fitted i n t o  the 
Servomex 1400 series 19 inch case- 

Dimensions : See Figure 2.1. 

W e i g h t :  - lOKg (221b) approximately. 

Electrical 

AC Supply: 110 to 120V AC or 220 to' 240V AC, 
+/-lo%, 48  to 62Hz. Voltage selected by 
a voltage se l ec to r  integral to the IEC 
supply Plug* 

. .  Power required: 1SVA maximum. 

Environmental L i m i t s  

Operating ambient 0 to +40 deg C (32 to 104 deg 'F) 
temperature% 

Storage temp- -20  to +70 deg C ( -4  to 158 deg F) 
range: 

Relative humidity: 0 - 8 5 8 ,  non-condensing. 
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Appendix I: Boiler Operational Data 



I BIG STONE PLANT 

. ---.I- T. .. .-..--- 

P. 0. BOX 218 
BIG STONE CITY, SOUTH DAKOTA 57216 

(605) 862-8 125 

MONTANA-DAKOTA UTILITIES a. 
400 North Fourth Street 

Bismarck, Nath Dakota 58501 

O m R  TNL POWER COMPANY 
215 South Cascade Street 

Fmgur Falls, Minnesota 56537 

NORTHWESTERN PUBLIC SERVICE COMPANY 
3rd Street & Dakota Avenue South 

H m ,  South Dakota 57350 

January 11, 1993 

Mr. Daniel Despen 
Manager 
Field Testing Support Group 
Interpoll Laboratories, Inc.  
4500 B a l l  Road, N.E. 
Circle Pines, MN 55014-1819 

‘JAN 1 4  7993 

Dear Mr. Despen: 

This letter is in regards to the RDF cofire test performed at t h e  
Big Stone Power P lan t .  The heat i n p u t  for the test on October 26, 
s t r ic t ly  coal, is 4562.8 MBTU/HR with a b o i l e r  efficiency of 
8 0 . 0 3 % .  The heat input for the test on October 27, cofire t e s t ,  is 
4785.4 MBTW/HR with a boiler efficiency of 78.193, 

The t e s t  on the 26th started at 1O:OO and continued until 19:OO. 
Because the boiler and fuel were at a steady state from 1O:OO to 
18:OO we used this time frame to calculate the heat i n p u t .  The 
attached graph, 100% lignite, shows the steady sta te  of the boiler. 

The t e s t  on the 27th ran from 09:30 to 18:OO. However, t h e  test 
did not run as smoothly as on the 27th. From 09:30 to 1 2 3 0  the 
feed of RDF into the boiler was a relatively small percent of the 
fuel. Our Unit Operations encountered numerous boiler upsets  due 
to material handling problems with the RDF. The RDF blend leveled 
out at approximately 15:OO and stayed constant for t h e  remainder of 
the test 18:OO. The attached graph, RDF/lignite blend, shows the 
steady s t a t e  of the boiler. 1 estimate a 12% RDF / 88% lignite 
ratio, by weight, from 15:OO to 18:OO hours. I therefore recommend 
that you use stack emission data corresponding to this time f o r  the 
October 27 test. 

Address Reply To: Otter Tail Power Company 
T-1  



BIG STONE PLANT 
P. 0. BOX 218 

81G STONE CITY, S.D. 57216 

Mr. Daniel Despen 
F i e l d  Testing Support Group 

Page 2 

If you have any questions, please give Stu  Scnreurs or myself a 
c a l l  a 

Sincerely,  

Dean Pawlowski 
Results Engineer 

DP:ck 

cc: S t u  Schreurs 

Attachments 
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Appendix J: Sampling and Analysis Methods 



Particulate Loadings and Emission Rates 

The particulate emission rates were determined per EPA Methods 
1-5, CFR t i t l e  40, Part 60, Appendix A (revised July 1, 1987). In this  
procedure, a preliminary velocity profile o f  the gases i n  t he  flue i s  
obtained by means o f  a temperature and velocity traverse. On the basis 
of these values, s a m p l i n g  nozzles o f  appropriate diameter are selected 
t o  allow isokinetic s a m p l i n g ,  a necessary prerequisite f o r  obta in ing  a 
tepresentati ve sample. 

The sampling t r a i n  consists of a heated stainless steel-lined 
sampling probe equipped with a Type S p i t o t  and a thermocouple. The 
probe i s  attached t o  a sampling module which houses the all-glass i n  
l ine f i l t e r  holder i n  a temperature controlled oven. In addition, the 
sampl ing  module also houses the irnpinger case and a Drierite drying 
column. The sampling module i s  connected by means o f  an umbilical cord 
t o  the control module which houses the dry tes t  gasmeter, the calibrated 
orifice, a leakless pump, two inclined manometers, and a l l  controls 
required for operating the sampling t r a in .  

Particulate samples were collected as follows: The sample gas 
was drawn i n  through the sampling probe isokinetically and passed 
through a 4-inch diameter Gelman Type A/E glass fiber f i l t e r .  The 

particulates were removed at t h i s  poin t  and collected on the f i l t e r .  
The gases then pas5ed through an ice-cooled impinger train and a 
desiccant-packed drying column which quantitatively absorb a l l  moisture 
from the sample gas stream after which the sample gas passes t h r o u g h  the 
pump and the dry test  gasmeter which integrates the sample gas flow 
throughout  the course o f  the test .  A calibrated orifice attached t o  the 
outlet  o f  the  gasmeter provides instantaneous flow rate data. 

A representative particulate sample was acquired by sampling 
f o r  equal periods of time a t  the centroid o f  a number o f  equal area 
regions i n  the duct. The sampling rate i s  adjusted a t  each s i t e  such 
t h a t  an isokinetic sampling condition prevails. Nomographs are used t o  
a i d  i n  the r a p i d  determination o f  the sampling rate. 

J-1 



A f t e r  sampling i s  complete, the f i l t e r  i s  removed and placed 
i n  a clean container. The nozzle and i n l e t  s ide o f  the f i l t e r  holder 
are q u a n t i t a t i v e l y  washed w i t h  acetone and the washings are stored i n  a 
second container, A brush i s  o f ten  used i n  the cleaning step t o  he lp 
dislodge deposits. The samples are returned t o  the  laboratory where 
they are logged i n  and analyzed. The volume o f  the acetone r i n s e  
("probe wash") i s  noted and then the  r i n s e  i s  quan t i t a t i ve l y  transferred 
t o  a tared 120 cc porce la in  evaporating d ish and the acetone evaporated 
o f f  a t  97-105 OF. This temperature i s  used t o  prevent condensation o f  
atmospheric moisture due t o  the coo l ing  e f f e c t  induced by t he  
evaporation o f  acetone. The acetone-free sample i s  then t rans fer red  t o  
an oven and dried a t  105 OC f o r  30 minutes, cooled i n  a desiccator over 
Drierite, and then weighed t o  the  nearest .01 mg. The f i l t e r  sample i s  
q u a n t i t a t i v e l y  t rans fer red  t o  a 6-inch watch glass and'dried i n  an oven 
a t  105 OC f o r  two hours. The f i l t e r  and watch glass are then cooled i n  
a desiccator and the f i l t e r  weighed t o  the nearest -01 mg. All 
weighings are performed i n  a balance room where the  r e l a t i v e  humidi ty i s  
hydrostat ted t o  less than 50% r e l a t i v e  humidity. M i  ctoscopi c 
examination o f  the samples i s  performed i f  any unusual charac ter is t i cs  - 

are observed, The weight o f  t h e  acetone r i n s e  i s  corrected f o r  the 
acetone blank. The D r i e r i t e  column i s  weighed on-site and the water 
co l l ec ted  by D r i e r i t e  i s  added t o  the  condensate so tha t  the t o t a l  
amount o f  absorbed water may be ascertained. 

In tegra ted  f l u e  gas samples for Orsat analysis were collected 
simultaneously from the stack and from t he  breeching a t  the i n l e t  t o  the  
wet scrubber, The samples were co l l ec ted  i n  1 5 - l i t e r  gas sampling bags 
a t  a constant f l o w  rate throughout each pa r t i cu la te  run. The bags were 
then returned t o  the labora tory  and analyzed by Orsat analysis. 
Standard c m e r c i a l  ly prepared so lu t ions  were used in the Orsat analyzer 
(sat .  KOH f o r  carbon d iox ide and reduced methylene blue for oxygen). 
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Method  3 A 4 e t e r m f n a t i o n  o f  Oxygen and Carbon  Ddoxlde 
C o n c e n t r a t i o n s  in E m i s s i o n s  From S t a t i o n a r y  Sources ( I n s t r u m e n t a l  
A n a l y z e r  Procedure)  

1. A p p l i c a b i l i t y  and P r i n c i p l e  

1.1 A p p l i c a b i l i t y .  T h i s  method i s  applicable t o  t h e  
d e t e r m i n a t i o n  o f  o x y g e n  ( 0 1 )  and carbon d i o x i d e  ( C o t )  
c o n c e n t r a t i o n s  i n  e m i s s l o n s  f r o m  s t a t i o n a r y  s o u r c e s  o n l y  when 
s p e c l f i e d  w i t h i n  t h e  regulatdons. 

1 . 2  P r i n c i p l e .  A sample i s  c o n t i n u o u s l y  e x t r a c t e d  f r o m  t h e  
e f f l u e n t  s t ream:  a p o r t i o n  o f  t h e  sample  s t r e a m  1 s  conveyed  t o  
an i n s t r u m e n t a l  a n a l y z c r ( s )  f o r  d e t e r m i n a t i o n  o f  O 2  and Cot 
c o n c e n t r a t j o n ( s ) .  P e r f o r m a n c e  s p e c i f i c a t i o n s  and t e s t  p r o c e d u r e s  
are p r o v i d e d  t o  e n s u r e  r e l i a b l e  d a t a .  

2 .  Range and S e n s i t i v i t y  

Same as  Method 6 C ,  S e c t l o n s  2 . 1  and 2.2, except  t h a t  t h e  span o f  
t h e  m o n i t o r i n g  s y s t e m  s h a l l  be s e l e c t e d  such t h a t  t h e  'average Ol 
or COz c o n c e n t r a t i o n  i s  not l e s s  t h a n  20 p e r c e n t  o f  t h e  span. 

3 *  Definitions 

3.1 Measurement System. The total e q u i p m e n t  r e q u i  red f o r  t h e  
d e t e r m i n a t i o n  o f  t h e  O1 o r  CO1 c o n c e n t r a t i o n .  The measurement 
s y s t e m  c o n s i s t s  o f  t h e  same m a j o r  subsystems as d e f i n e d  i n  
Method  6C,  S e c t f o n s  3 . 1 . 1 m  3.1.2, and 3 . 1 * 3 .  

3.2 Span, C a l i b r a t l o n  G a s ,  A n s t y z e r  C a l i b r a t i o n  Error, S a m p l i n g  
Sys tem B i a s ,  Zero D r i f t ,  C a l i b r a t i o n  D r i f t ,  Response Time, and  
C a l i b r a t i o n  Curve. Same as M e t h o d  6 C .  S e c t i o n s  3.2 t h r o u g h  3 . 8 ,  
and 3.10. 

3 . 3  I n t e r f e r e n c e  Response. The o u t p u t  response o f  t h e  
measurement sys tem t o  a component  I n  t h e  sample gas, o t h e r  t h a n  
t h e  gas  component being measured.  

4 .  Measurement System P e r f o r m a n c e  S p e c i f i c a t i o n s  

Same as Method 6 C ,  S e c t i o n s  4 . 1  t h r o u g h  4 .4 .  

5. A p p a r a t u s  and Reagents  

5 . 1  Measurement S y s t e m .  Any measurement  s y s t e m  f o r  Oz or Cot t h a t  
mee ts  t h e  s p e c i f i c a t i o n s  o f  t h i s  method. A s c h e m a t i c  o f  a n  
acceptable measurement s y s t e m  i s  shown i n  Figure 6 C - 1  o f  Method 
6 C .  The e s s e n t i a l  components  o f  t h e  measurement s y s t e m  are 
d e s c r i b e d  be low:  

5.1.1 Sample P robe .  A l e a k - f r e e  probe, o f  s u f f i c l e n t  l e n g t h  
t o  t r a v e r s e  t h e  sample p o h t s .  
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5 . 1 . 2  Sample L i n e .  T u b i n g ,  t o  t r a n s p o r t  t h e  s a m p l e  gas f r o m  
t h e  p r o b e  t o  t h e  m o i s t u r e  removal sys tem.  A h e a t e d  sample  
l i n e  4 s  n o t  r e q u i r e d  f o r  sys tems  t h a t  measure  t h e  QI or C O I  
c o n c e n t r a t i o n  o n  a d r y  b a s i s ,  or t r a n s p o r t  d r y  g a s e s .  

5 . 1 . 3  S a m p l e  T r a n s p o r t  L i n e ,  C a l i b r a t i o n  V a l u e  Assembly ,  
M o i s t u r e  Removal System, P a r t i c u l a t e  F i l t e r ,  Sample Pump, 
Sample F l o w  R a t e  C o n t r o l ,  Sample Gas M a n i f o l d ,  and D a t a  
R e c o r d e r .  Same a s  Method 6 C ,  S e c t l o n s  5 . 1 . 3  t h r o u g h  5.1.9,  
and 5 .1 .11 ,  e x c e p t  t h a t  t h e  r e q u i  r e m e n t s  t o  u s e  s t a i n l e s s  
s t e e l ,  T e f l o n ,  and n o n r e a c t i v e  g l a s s  f i l t e r s  do n o t  a p p l y .  

5 . 1 . 4  Gas A n a l y z e r .  A n  a n a l y z e r  t o  d e t e r m i n e  c o n t i n u o u s l y  t h e  
0 2  or C O 2  c o n c e n t r a t i o n  i n  t h e  sample  gas stream. The 
a n a l y z e r  s h a l l  meet  t h e  a p p l i c a b l e  p e r f o r m a n c e  s p e c l f i c a t f o n s  
o f  Section 4. A means o f  controlling t h e  a n a l y z e r  f l o w  r a t e  - 
and a d e v i c e  for  d e t e r m i n i n g  proper sample f l o w  rate ( e . g . ,  
precision r o t a m e t e r ,  p r e s s u r e  gauge downs t ream o f  a l l  f l o w  
c o n t r o l s ,  e t c . )  s h a l l  be p r o v l d e d  a t  t h e  a n a l y z e r .  T h e  
r e q u l r e m e n t s  f o r  measurlng and c o n t r o l l i n g  t h e  a n a l y z e r  f l o w  
r a t e  are  not a p p l i c a b l e  i f  d a t a  are p r e s e n t e d  t h a t  
d e m o n s t r a t e  t h e  a n a l y z e r  i s  i n s e n s i t t v e  t o  f l o w  v a r i a t i o n s  
o v e r  t h e  r a n g e  e n c o u n t e r e d  d u r i n g  t h e  t e s t .  

5 .2  C a l i b r a t i o n  Gases. The c a l d b r a t i o n  gases  f o r  C O l  a n a l y z e r ’ s  
s h a l l  be COz i n  Nz or Cot i n  a i r .  A l t e r n a t i v e l y ,  C O 1 / S O 1 ,  O1/SOZ 
, or  O z / C O I / S O l  g a s  m l x t u r e s  I n  N I  may be used.  T h r e e  c a l i b r a t i o n  
g a s e s ,  as s p e c i f i e d  S e c t i o n  5 . 3 . 1  t h r o u g h  5.3.3 o f  Method 6 C ,  
shall be used.  For O 1  m o n i t o r s  t h a t  c a n n o t  a n a l y z e  z e r o  g a s ,  a 
calibration gas c o n c e n t r a t i o n  e q u i v a l e n t  t o  less t h a n  10 p e r c e n t  
o f  t h e  span may be  u s e d  i n  p l a c e  o f  zero gas. 

6. Measurement S y s t e m  P e r f o r m a n c e  T e s t  P r o c e d u r e s  

P e r f o r m  t h e  f o l l o w i n g  p r o c e d u r e s  before measurement o f  emissions 
( S e c t i o n  7 ) .  

6.1 C a l f b r a t t o n  C o n c e n t r a t i o n  V e r l f 1 c a t i o o n .  Follow Sectlon 6 . 1  
o f  Method 6 C .  e x c e p t  i f  c a l i b r a t i o n  gas a n a l y s i s  i s  r e q u i r e d ,  
u s e  Method 3 and change t h e  a c c e p t a n c e  c r i t e r i a  f o r  agreement  
among Method 3 r e s u l t s  t o  5 percent ( o r  0.2 p e r c e n t  by vo lume,  
w h i c h e v e r  i s  g r e a t e r )  . 
6.2  I n t e r f e r e n c e  Response, Conduc t  an i n t e r f e r e n c e  r e s p o n s e  
t e s t  o f  t h e  a n a l y z e r  p r i o r  t o  i t s  l n f t i a l  use  i n  t h e  f i e l d .  
T h e r e a f t e r ,  r e c h e c k  t h e  measurement sys tem i f  changes are made 
i n  t h e  i n s t r u m e n t a t i o n  t h a t  c o u l d  a l t e r  t h e  i n t e r f e r e n c e  
response ( e . g . ,  changes I n  t h e  t y p e  o f  g a s  d e t e c t o r ) .  Conduct 
t h e  i n t e r f e r e n c e  r e s p o n s e  i n  accordance w i t h  S e c t i o n  5 .4  o f  
M e t h o d  20 .  

6.3 Measurement Sys tem P r e p a r a t i o n ,  A n a l y z e r  C a l l b r a t f o n  E r r o r ,  
and  S a m p l i n g  System B i a s  Check. F o l l o w  S e c t i o n s  6.2 t h r o u g h  6 .4  
o f  Method 6 C .  
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7 .  E m i s s i o n  T e s t  Procedure 

7 . 1  S e l e c t i o n  o f  S a m p l i n g  S i t e  and S a m p l i n g  P o i n t s .  S e l e c t  a 
measurement s i t e  and s a m p l l n g  p o i n t s  u s i n g  t h e  same c r i t e r i a  
t h a t  a r e  a p p l i c a b l e  t o  t e s t s  p e r f o r m e d  u s i n g  Method 3 .  

7.2  S a m p l e  C o l l e c t i o n .  P o s i t i o n  t h e  s a m p l i n g  p r o b e  a t  t h e  f i r s t  
measurement p o i n t ,  and b e g i n  s a m p l i n g  a t  t h e  same r a t e  a s  u s e d  
d u r i n g  t h e  sampling s y s t e m  b i a s  c h e c k .  M a i n t a i n  c o n s t a n t  r a t e  
s a m p l i n g  ( i . e . ,  ,+ 10 p e r c e n t )  d u r i n g  t h e  e n t i r e  r u n .  The 
s a m p l i n g  t i m e  p e r  run  s h a l l  b e  t h e  same a s  f o r  t e s t s  c o n d u c t e d  
u s f n g  Method 3 p l u s  t w i c e  t h e  s y s t e m  r e s p o n s e  t i m e .  f o r  each  
run, use  o n l y  t h o s e  measurements o b t a i n e d  a f t e r  t w i c e  t h e  
r e s p o n s e  t i m e  o f  t h e  measurement  s y s t e m  has e l a p s e d  t o  d e t e r m i n e  
t h e  ave rage  e f f l u e n t  c o n c e n t r a t i o n .  

7.3 Z e r o  and C a l i b r a t i o n  D r i f t  T e s t .  F o l l o w  S e c t i o n  7 .4  o f  - 
Method 6 C .  

8. Q u a l i t y  C o n t r o l  P r o c e d u r e s  

The f o l l o w i n g  qua1 i t y  c o n t r o l  p r o c e d u r e s  a r e  recommended when 
t h e  r e s u l t s  o f  t h i s  method are  u s e d  f o r  an  e m i s s i o n  r a t e  
c o r r e c t f o n  f a c t o r ,  o r  e x c e s s  a i r  d e t e r m i n a t i o n .  The t e s t e r  
s h o u l d  s e l e c t  one o f  t h e  f o l l o w i n g  o p t i o n s  f o r  v a l i d a t i n g  
measurement r e s u l t s :  

8.1 I f  b o t h  O r  and  C O l  are measured u s i n g  Method 3 A ,  t h e  
p r o c e d u r e s  d e s c r i b e d  i n  S e c t i o n  4 .4  o f  Method 3 s h o u l d  be 
f o l l o w e d  t o  v a l l d a t e  t h e  O 2  and  C O l  measurement r e s u l t s .  

8.2 I f  o n l y  Or i s  measured u s i n g  Method 3A, measurements o f  t h e  
sample s t r e a m  C o t  c o n c e n t r a t i o n  s h o u l d  be o b t a i n e d  a t  t h e  sample 
by -pass  v e n t  d i s c h a r g e  u s i n g  an O r s a t  or F y r i t e  a n a l y z e r ,  o r  
e q u i v a l e n t .  Duplicate samples s h o u l d  b e  o b t a i n e d  c o n c u r r e n t  w i t h  
a t  l e a s t  one run. Average  t h e  d u p l i c a t e  O r s a t  o r  F y r i t e  analysis 
r e s u l t s  f o r  e a c h  run. Use t h e  ave rage  COr v a l u e s  f o r  c o m p a r i s o n  
w l t h  t h e  Ol measurements  i n  accordance w i t h  t h e  p r o c e d u r e s  
d e s c r i b e d  i n  S e c t i o n  4.4 o f  Method 3 .  

8 . 3  I f  o n l y  COl i s  measured using Method 3 A ,  c o n c u r r e n t  
measurements o f  t h e  sample s t r e a m  Cot c o n c e n t r a t i o n  s h o u l d  be 
o b t a i n e d  u s i n g  an O r s a t  or  F y r i t e  a n a l y z e r  
S e c t i o n  8.2. F o r  e a c h  r u n ,  d i f f e r e n c e s  g r e a t e r  
be tween  t h e  Method 3 A  r e s u l t s  and t h e  ave rage  
F y r i t e  a n a l y s i s  s h o u l d  be i n v e s t i g a t e d .  

9. E m i s s i o n  C a l c u l a t i o n  

F o r  a l l  C O I  a n a l y z e r s ,  a n d  f o r  O1 a n a l y z e  

as  d e s c r i b e d  i n  
t h a n  0.5 p e r c e n t  
o f  t h e  d u p l i c a t e  

r s  t h a t  c a n  be  
c a l i b r a t e d  w-ith z e r o  g a s I  f o l l o w  S e c t i o n  8 o f  Method 6 C ,  e x c e p t  
e x p r e s s  a1 1 c o n c e n t r a t i o n s  a s  p e r c e n t  , r a t h e r  than ppm. 

FOF Ot  a n a l y z e r s  t h a t  use  a l o w - l e v e l  c a l i b r a t f o n  gas  i n  p l a c e  
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o f  a zero  g a s ,  c a l c u l a t e  t h e  e f f l u e n t  gas  c o n c e n t r a t i o n  u s i n g  
E q u a t i o n  3 A - 1 .  

Where:  

C l t r  = E f f l u e n t  gas  c o n c e n t r a t i o n ,  d r y  b a s i s ,  p e r c e n t .  
C,, = A c t u a l  c o n c e n t r a t i o n  o f  t h e  upscale c a l i b r a t i o n  g a s ,  

C I t  = A c t u a l  c o n c e n t r a t i o n  o f  t h e  l o w - l e v e l  c a l i b r a t l o n  g a s ,  

c, = Average o f  i n i t f a 1  and  f i n a l  s y s t e m  c a l t b r a t i o n  b i a s  check  

Ca = A v e r a g e  o f  i n l t i a l  and f i n a l  system c a l i b r a t i o n  b i a s  check 
c responses for t h e  l o w - l e v e l  g a s ,  percent .  
C = Average  gas c o n c e n t r a t l o n  i n d i c a t e d  by t h e  gas  a n a l y z e r ,  

p e r c e n t  

p e r c e n t .  

r e s p o n s e s  f o r  t h e  u p s c a l e  c a l i b r a t i o n  g a s ,  p e r c e n t .  

d r y  b a s i s ,  p e r c e n t .  

10. B i  b l  i o g r a p h y  

Same as bfbljography o f  Method 6 C .  
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b C r H O D  6C-DETERMINATION OF SULFUR DI- 

SOURCES (INSTRVYENTAL ANALYZER PROCE- 
DURE) 

* OXIDE ExsssloNs FROX STATIONARY 

1. Applicability and Principle 
1.1 Applicabi l i ty .  This method is applica- 

ble to the determination of sulfur dioxide 
(SO,) concentrations h controlled and un- i 
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controlled emissions from stationary sources 
only when specified within the regulations. 

1.2 Principle. A gas sample is conthuous- 
ly  extracted from a stack, and a portion of 
the sample is conveyed to an kutrumental 
analyzer for determination of SO, gas cox?- 
centration using a n  ultraviolet (IN), nondis- 
persive infrared (NDIR), or fluorescence ax?- 
alyzer. Performaice specifications and test 
procedures are provided to ensure reliable 
data. 
2. Range arid Sensitivity 

2.1 Analytical Range. The analytical 
range is determined by the instrumental 
design. For this method, a portion of the an- 
alytical range is selected by choozing the 
span of the monitoring system. The span of 
the monitoring system shall be selected 
such that the pollutant gas concentration 
equivalent to the emission standard is not 
less than 30 percent of the span. If at any 
time during a run the measured gas concen- 
tration exceeds the span, the run shaU be 
considered invalid. 

2.3 Sensitivity. The minimum detectable 
limit d->pen& on the analytical range, span, 
and signal-to-noise ratio of the me8sure- 
ment system. For a well desigried system, 
the minimum detectable limit should be less 
than 2 percent of the s p a .  
3. Definitions 

3.1 Measurement System. T h e  total 
equipment required for the determination 
of gas concentration. T h e  measurement 
system consists of the following major sub- 

3.1.1 Sample Interface. That portion of a 
system used for one or more of the follow- 
ing: sample acquisition, a p l e  transport, 
wimple conditioning, or protection of the 
analyzers from the effects of the stack ef- 
fluent. 

3.1.2 Gas Analyzer. That portion of the 
system that senses the gas to be measured 
m d  generates an output proportional to its 
concentration. 
3.1.3 Data Recorder. A strip chart record- 

er, anslog computer, or digital recorder for 
recording measurement data from the am- 
l y z r  output. 

. 3.2 Span. The upper W t  of the gas con- 
centration measurement range displayed on 
the data recorder. 

3.3 Calibration Gas. A known wncentra- 
tion of a gas in an appropriate diluent gas. 

3.4 Analyzer Calibration Error. The dif- 
ference between the gas concentxntion ex- 
Wbfted by the gas analyzer and the known 
concentration of the calfbrstion gas when 
the calibration gas is introduced directly to 
the analyzer. 

3.5 Sampling System Bias. The differ- 
ence between the gas mntxntratiom exhib- 
ited by the measurement spste~n when 8 
known concentration gas is htroduced at 
the outlet of the sampling probe and when 

SYStemS: 

the same gas is introduced directly to &e 
analyzer. 

3.6 Zero Drift. The difference h the  
messurement system output reading fmm 
the initial calibration response at the zero 
concentration level after a stated period of 
operation during which no unscheduled 
maintenance, repair, or adjustment took 
place. 

3.7 Calibration Drift. The difference in 
the measurement system output reading 
from the initial ca1ibr;Ltion response at a 
mid-range calibration value after a stated 
period of operation during which no un- 
scheduled maintenance, repair, or aajut- 
mmt took place. 

3.8 Response Time. The m o u n t  of time 
required for the measurement system t.0 dis- 
play 95 percent of a step change in gas-con- 
centration on the data recorder. 

3.9 Interference Check. A method for de- 
tecting analytical interferences and exces- 
sive biases through direct comparison of gas 
concentrations provided by the mesure- 
ment system and by 8 modified Method 6 
procedure. For this check, the modified 
Method 6 samples are acquired st the 
sample by-pass discharge vent. 

3.10 Calibration Curve. A graph or other 
systematic method of establishing the rela- 
tionship between the analyzer response and 
the actual gas concentration introduced to 
the analyzer. 
4. Measut.ement Svstem Perfomaance Sped-  
Jkatio?U 

4.1 Analyzer Calibration Error. less than 
5 2  percent of the span for the zero, mfd- 
range, and high-range calibration gases. 

4.2 Sampling System Bias. L e s  than &S 
percent of the span for the zero, and mid- or 
high-range calibration gases. 

4.3 Zero Drift. Less than *3 percent of 
the span over the period of each run. 

4.4 Calibration Drift. Less than *3 per- 
cent of the span over the period of each 

4.5 Interference Check. Less than *? 
percent of the rnodffied Method 6 result for 
each run. 
5. Appcrnttw and Reugents 

5.1 Measurement System. Any measure- 
ment system for 60, that meets the specifi- 
ations of this method. A schematic of an 
acceptable measurement system fs shown in 
Mgure 6C-1. The essential components of 
the measurement system are described 
below: 

5.1.1 &ample Robe. Glsss, stainless steel, 
or equivalent, of sufficient length to tra- 
verse the sample points. The sampling 
probe ahnl'f be heated to prevent condensa- 
tion 

5.1.2 Sample Line. Eeated (sufficient to 
prevent condensation) stabless steel or 

run. 
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Teflon tubing, to transport the sample gas 
to the moisture removal system. 

5.1.3 Sample Transport Lines. Stahless 
ateel or Teflon tubing, to transport the 
sample from the moisture removal system 
to the sample pump. sample flow rate con- 
trol. and sample gas manifold. 

5.1.4 Calibration Valve Assembly. A 
three-way valve assembly, or equivalent, for 
blocking the sample gas flow and htroduc- 
ing calibration gases to the measurement 
system at the outiet of the sampling probe 
when in the calibration mode. 

5.1.5 Moisture Removal System. A refrig- 
erator-type condenser or similar device te.g., 
permeation dryer), to remove condensate 
continuously from the sample gas while 
maintaining minimal contact between the 
condensate and the sample gas. The m o b  
ture removal system is not necessary for 
analyzers that can measure gas concentra- 
tions on a wet basis; for these analyzers, (1) 
heat the sample h e  and all interface com- 
ponents up ta the met of the analyzer sufff- 
ciently to prevent condensation, and (2) de- 
termine the moisture content and correct 
the measured gas concentrations to a CW 
b s i s  using appropriate methods, subject to 
the approval of the Administrator. The de- 
termination of sample moisture content is 
not necessary for pollutant analyzers that 
measure concentrations on a wet bask when 
(1) a wet basis CO, analyzer operated a- 
axding to Method 3A is used to obtain si- 
multaneous measurements, and (2) the pol- 
lutant/COi measurements are used to deter- 
mine emissions in units of the standard. 

.5.1.6 Particulate Filter. An In-stack or 
heated (sufficient to prevent water conden- 
sation) out-of-stack filter. The filter shall be 
borosilicate or quartz glass wool, or glass 
fiber mat. Additional filters at the inlet or 
outlet of the moisture removal system and 
inlet of the analyzer may be used to prevent 
accumulation of particulate material in the 
measurement system and extend the useful 
Me of the components. All filters shall be 
fabricated of materials that are nonreactive 
to the gas being sampled. 

5.1.7 Sample hunp. A leak-free pump, to 
Pull the sample gas through the system at a 
flow rate sufficient to minimize the re- 
Wnse time of the measurement system. 
The pump may be constructed of any mate- 
rial that 1s nonreactive to the gas being sam- 
pled, 

5.1.8 Sample Flow Rate Control. A 
w p l e  flow rate control valve and rotame- 
*r, or equivalent, to maintain a constant 
sampling rate within 10 percent. 

(NOTE: The tester may elect to install a 
hk-pressure regulator to maintain the 
sample gas manifold at a constant pressure 
In order to protect the analyzerIs) from 
overpressurization, and to minimize the 
need for flow rate adjustments.) 

5.1.9 Sample Gas Manifold. A sample gaa 
manifold, to divert a portion of the sample 
gas stream lm the analyzer, and the remain- 
der to the by-pass discharge vent. The 
sample madfold should slso include 
provisions for Introducing calibration gases 
directly to the analyzer. The manifold may 
be constructed of any material that is non- 
reactive to the gas being sampled. 

5.1.10 G s  Analyzer. A UV or NDIR ab- 
sorption or fluorescence analyzer, to deter- 
mine continuously the SO, concentration in 
the sample gas stream. The analyzer shall 
meet the applicable performance specifica- 
tions of Section 4. A means of controlling 
the analyzer flow rate and a device for de- 
termining proper sample flow rate tea., pre- 
cision rotameter, pressure gauge down- 
stream of all flow controls, eta.) shall be 
provided at the analyzer. 
(NOTE: Housing the analyzer(s1 tn a clean, 

t hemall y -stable, vibration- f ree environ- 
ment will minimize drift in the analyzer 
calibration. 1 

5.1.11 Data Recorder. A strip chart re 
corder, analog computer, or dlgital recorder, 
for recording messurement data. The data 
recorder resolution (i.e., readability) shBu 
be 0.5 percent of span. Alternatively, a digi- 
tal UT analog meter having a resolution of 
0.5 percent of span may be used to obtain 
the analyzer responses and the readings 
may be recorded manually. If this alterna- 
tive is used, the readhgs shall be obtained 
at equally spaced intervals over the dura- 
tion of the sampling run. For sampling run 
durations of less than 1 hour, measurements 
at I-minute intervals or a minimum of 30 
measurements, whichever is less restrictive, 
shall be obtained. For sampling run dura- 
tions greater than 1 hour, measurements at 
2-minute intervals or a minimum of 96 
measurements, whichever i s  less restrictive, 
shall be obtained. 

5.2 Method 6 Apparatus and Reagents. 
The apparatus and reagenu described in 
Method 8, and shown by the schematic of 
the sampling train in Figure 6C-2, to con- 
duct the interference check. 

5.3 SOt Calibration Gases. The calibra- 
tion gases for the gas analyzer shall be Sot 
in No or SOz in air. Alternatively, SOJCOZ, 
Sot/02, or SO1/COz/Ot gas mixtures in Ni 
may be used. For fluorescence-based analyz- 
ers. the 0 2  and CO, concentrations of the 
calibration gases as htroduced to the ana- 
lyzer shall be within l percent (absolute) OI 
and 1 percent (absolute) C02 of the 0 2  and 
Cot concentrations of the effluent samples 
8s introduced to the analyzer. Alternatively, 
for fluorescence-based analyzers, use cali- 
bration blends of SOZ in air and the norno- 
graphs provided by the vendor to determine 
the quenching correction factor (the efflu- 
ent O1 and Cot concentrations must be 
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known). Use three calibration gases 85 speci- 
fied below: 

5.3.1 High-Range Gas. Concentration 
equivslent to 80 to 90 percent of the span. 

5.3.2 Mid-Range Gas. Concentration 
equivalent to 50 to 60 percent of the span. 

5.3.3 Zero Gas. Concentration of less 
than 0.25 percent of the span. Purrfied 8m- 
bient air may be used for the zero gas by 
passing air through a charcoal filter, or 
through one or more impingem containing a 
solution of 3 percent &O2. 
6. MeaJurement System P e r f o m m e  Test 
Procedures 

Perform the following procedures before 
measurement of emissions (Section ?). 

6.1 Calibration Gas Concentration Verifi- 
cation. There are two alternatives for estab- 
lishing the concentrations of calibration 
gases. Alternative Number 1 is preferred. 

6.1.1 Alternative Number 1-Use of cali- 
bration gases that are analyzed fol3owhg 
the Environmental Protection Agency Tra- 
ceability Protocol Number 1 (see Citation 1 
in the Bibliography). Obtain a certification 
from the gas manufacturer that Aotx>col 
Number 1 was followed. 

6.1.2 Alternative Number 2-Use of d- 
bration gases not prepared according to Pro- 
tocol Number 1. If this alternative is chosen, 
obtain gas mixtures with a manufacturer's 
tolerance not to exceed *2 percent of the 
tag value. Within 6 months before the emis- 
sion test, analyze each of the calibration 
gases in triplicate using Method 6. Citation 
2 in the Bibliography describes procedures 
axad techniques that m a y  be used for this 
analysis. Record the results on a data sheet 
(example is shown in I;?gure 6C-3). Each of 
the individual SO, analytical results for 
each calibration gas shall be within 5 per- 
cent tor 5 ppm, whichever is greater) of the 
triplicate set average; otherwise, discard the 
entire set, and repeat the triplicate lnaly- 
8es. If the average of the triplicate analyses 
is within 5 percent of the calibnrtion gas 
manufacturer's cylinder tag value. use the 
tag value; otherwise, conduct at least three 
addition83 analyses until the results of six 
consecutive runs agree with 5 percent (or 5 
ppm, whichever is greater) of their average. 
Then use this average for the cylinder 
value. 

6.2 Measurement System Reparation. 
Assemble the measurement system by fol- 
lowing the manufacturer's written hs t ruc-  
tfons for preparing and preconditioning the 
g.es analyzer and, as applicable, the other 
eystem components. Introduce the callbra- 
tion geses in any sequence, and make all 
necessary adjustments to calibrate t h e  arm- 
lyzer and the data recorder. Adjust system 
components to achleve comxt nmpling 
rates. 
6.3 Analyzer Calibration Error. Conduct 

the analyzer calibration error check by in- 

troducing calibration B8ses to the measwe- 
ment system at any point upstream of the 
gas analyzer as follows: 

6.3.1 After the measurement system has 
been prepared for use, introduce the zero, 
mid-range, and high-range gases to the 
lyzer. During this check, make no adjut 
ments to the system excep t  those necesjw 
to achieve the comet  calibration gas flow 
rate at the analyzer. Record the analyzer r e  
sponses to each calibration gas on a fom 
similar to Figure 6C-4. 
NOTE: A calibration curve established prior 

to the analyzer calibration error check map 
be used to convel-t the analyzer response 
the equivalent gas concentration introdurn 
to the analyzer. However, the same come- 
tion procedure shall be used for all effluent 
and calibration mewurements obtained 
during the test. 

6.3.2 The analyzer calibration error 
check shall be considered invalid if the gas 
concentration displayed by the analyzer ex- 
ceeds &2 percent of the span for any of the 
calibration gases. If an invalid calibration j , ~  
exhibited, take comective action, and repest 
the analyzer calibration error check until 
acceptable performance is achieved. 

6.4 Sampling System Bias Check. Per- 
form the sampling system bias check by in- 
troducing calibration gases at the calibra- 
tion valve installed at the outlet of the 88m- 
p b g  probe. A eero gas and either the mid- 
range or high-range gas, whichever most 
closely approximates the effluent concen- 
trations, shall be used for this check as fol- 
lows: 

6.4.1 Introduce the upscale calfbration 
gas, and record the gas wncentration dis- 
played by the analyzer on 8 form similar to 
Figure 6C-6. Then introduce &ero gas, sad 
record the gas concentration displayed by 
the annlyzer'. During the ssmpllng system 
bias check., operate the system at the 
n o d  sampling rak, and make no mijust- 
merits to the measurement system other 
than those necesary to achieve proper Cali- 
bration rn flow rates at the d n l r .  Alter- 
nately intmduce the zero and upscale gsses 
until a stable response is achieved. The 
tester shall determine the measurement 
system response t h e  by observing the times 
required b achieve a stable response for 
both the zero and upscale gases. Note the 
longer of the two times as the response 
time. 

6.4.2 The sampling system bias check 
shall be considered invalid if the difference 
between the gas concentrations displayed by 
the measurement system for the analyzer 
dbration error check and for the sampling 
system bim check exaxxis 3;5 percent of the 
rpsn for either the zem or upscale calibra- 
tton gas. If an invalid calibration is exhibit- 
ed, take mmxtfve action, and repeat the 



m p l i n g  system hiss check until acceptable 
pcriormance Ls achleved. If adjustment to 
me a n a l p r  is rquired, flrst repeat the an- 
&mr calibration ermr check then repeat 
me ssmpling system blsa check 
7. Emission Test Plocedun? 

pling Points. Select a measurement site and 
sampling points ushg the same criteria that 
a applicable to Method 6. 

7.2 Interference Check Prepamtion. For 
each indi\;iduaI malyzer, conduct an inter- 
ference check for at least three runs during 
the initial field test on a particular source 
category. Retain the results, and report 
them with each test performed on that 
murce category. 
Ii an interference check is be@g pet- 

fonned, assemble the modified Method 6 
train (flow control valve, two midget h- 
pmers  containing 3 percent &ol, and drJr 
QE~S meter) as shown in Figure 6C-2. f n s t d  
the sampling train to obtain a sample at the 
messurement system sample by-pass dis- 
charge vent. Record the initial dry gas 
meter reading. 

7.3 Sample Collection. Position the sam- 
pling probe at the first measurement point, 
and begin sampling at the same rate as used 
during the sampling system bias check 
Maintain constant rate sampling (Le., ;c10 
percent) during the entire run, The sam- 
pling time per run shall be the same as for 
Method 6 plus twice the system response 
time. For each run, use only those measure- 
ments obtained after twice response time of 
the measurement system has elapsed. to de- 
termine the average effluent concentration. 
If an interference check is being performed, 
open the flow control valve on the modified 
Method 6 train concurrent with the Initi- 
ation of the sampling period, and adjust the 
flow to 1 liter per minute .(+,lo percent). 
(NOTE: If a pump is not used in the modi- 

fied Method 6 train, caution should be exer- 
cised in adjusting the flow rate since 
overpressurization of the impingers may 
cause leakage in the impinger train, result- 
ing in positively biased results). 

7.4 Zero and Calibration Drift Tests. Im- 
mediately preceding and following each run, 
or if adjustments are necessary for the 
measurement system during the run, repeat 
the sampling system bias check procedure 
described in Section 6.4 (Make no adjust- 
ments to the measurement system until 
after the drift checks are completed.) 
Record and analyzer's responses on a form 
shflar to Figure 6C-5. 

7.4.1 If either the zero or upscale calibra- 
tion value exceeds the sampling system bias 
specification, then the run fs considered in- 
valid, Repeat both the analyzer calibration 
error check procedure (Section 6.3) and the 
Sampling system bias check procedure (See 
tton 6.4) before repeating the run. 

7.1 SeleCtiOn O f  Sampling Slte and Sam- 

7.4.2 If both the zero and upscale callbra- 
tlon values are within the sampling system 
bias specification. then use the average of 
the Wtial and final bias check values to cab 
culate the gas concentration for the IU~L Z f  
the zero or upscale calibration drift value 
exceeds the drift limits, based on the differ- 
ence between the sampUng system bias 
check responses mediately before and 
after the run, repeat both the analyzer cali- 
bration error check procedure (Section 8.3) 
and the sampling system bias check proce- 
dure (Section 6.4) before conducting addi- 
tional runs. 

7.5 Interference Check' (if performed). 
After completing the run, record the final 
dry gas meter reading, meter temperature, 
and barometric pressure. Recover and ana- 
lyze the contents of the midget impingem, 
and determine the SOr gas concentration 
using the procedures of Method 6. (It is not - 
necessary to analyze EPA performance 
audit samples for Method 6.) Determine the 
average gas concentration exhibited by the 
analyzer for the run. If the gas concentra- 
tions provided by the analyzer and the 
modified Method 6 differ by more than 7 
percent of the modified Method 6 result, 
the run is Invalidated. 
8. Emission Calculation 

The average gas effluent concentration is 
determined from the average gas concentra- 
tion displayed by the gas analyzer, and is 
adjusted for the zero and upscale sampling 
system bias checks, BS determined in accord- 
ance with Section 7.4. The average gas con- 
centration displayed by the analyzer may be 
determined by integration of the area under 
the c w e  for chart recorders, or by averag- 
ing all of the effluent measurements. Alter- 
natively, the average may be calculated 
from measurements recorded at equally 
spaced intervals over the entire duration of 
the run. For sampling run durations of less 
than 1 hour, measurements at l-minute in- 
tervals or a minimum of 30 measurements, 
whichever is less restrictive, shall be used. 
For sampling rn durations greater than 1 
hour, measurements at 2-minute intervals 
or a minimum of 96 measurements, which- 
ever fs less restrictive, shall be used. Calcu- 
late the effluent gas concentration using 
Equation 6C-1. 

rr 

Eq. 6C-1 
Where: 
C, = Effluent gas concentration, dry basis, 

PPm. 
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c = Average gas concentration indicated by 
gas analyzer. dry basis, ppm. 

C, = Average of initial and final system cU- 
bration bias check responses for the zero 
gas, ppm. 

C, = Average of Wtisl and final system 
calibration bias check responses for the 
upscale calibration gas. ppm. 

C, = Actual concentration of the upscale 
calibration gas, ppm. 
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-OD ~ELDDATXON OF N I T R O G ~  

sormczs (LNsTRmru, &?uYzER P R 6  
CEDWRm 

OXIIDES E$QSStOHS -OM STATIONARY 

1. Applicability and AincipZe 
1.1 AppUcabWty. This method is applica- 

ble to the determination of nitrogen oxides 
(NO,) concentrations fn emisions from sta- 
tionary sources only when specified wfthfn 
the regulations. 

1.2 PrLnciple. A gas simple is continuous- 
ly extracted from a stack, and a portion of 
the sample is conveyed to an instrumental 
chemllllmtnescent RnRlyZer for determina- 
tion of NO, concentration, Performance 
specifications and test procedures are pro- 
vided to ensure reliable data 
2. Range and S d f i u f t y  

SBme as Method 6C, Sections 2.1 and 22, 
3. Digl5nitions 
3.1 Measurement System. The total 

equipment requhed for the determLnation 
of NO, concentration The measurement 
system cons€ssts of the following major sub- 
systems: 

3.1.1 Sample Lnkrfzwe, Gas Analpzer, 
and Data Recorder. Same ss Method 6C, 
Sections 3.1.1, 3.1.2. and 3.1.3. 
3.1.2 NCX ta NO Converter. A devlce that 

converts the nftrogen dioxide (Nod  in the 
sample gELs to nitrogen oxide (NO). 

3.2 Span, Calibration Gas, Analyzer Cali- 
bration Error, Sampling System Biss, Zero 
Drift, Calibration Drift, and Response Time. 
Same as Method 6C. Sections 3.2 through 

3.3 Interference Raponse. The output 
response of the measurement system to a 

3.8. 
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congonent in t h e  sarnple gas, ocher than 
the  gas component being measured. 
4. ~ c r r u t e m ~ r t t  S y s t e m  Per,3marrce Speci-  
f i ca t ioru  

Same as Method 6C. Sections 4.1 through 
4.4. 
5. A p p c r a t u s  cnd R e c g e n b  

5.1 Measurement System. A n y  me8sure- 
ment system far NO, that m e e u  the specifi- 
cations of thb method. A schematic of an 
acceptable measurement system is shorn in 
Figure 6C-l of Mechod 6C. The essential 
components of t h e  measurement system are  
described below: 

5.1.1 Sample Probe, Sample Line. Cali- 
bration Valve Assezably. Moisture Removal 
System, Particulate Filter, Sample Pump, 
Sample Flow Rate Control, Sample Gas 
Manffold, and Data Recorder. Sarne u 
Method 6C, Sections 5.1.1 through 5.1.9, and 
5.1.11. 

5.1.2 NO3 to NO Converter. That portion 
of the system that converts the nitrogen df- 
oxide (NO4 iln the sample gas to nitrogen 
oxide (NO). An NOi to NO converter is not 
necessary if data are presented to demon- 
strate that the NO. portion of the exhaust 
gas is less than 5 percent of the total NO, 
concentmtion. 
5.1.3 KO, Analmr.  A n  azlalner based on 

the principles of chemiluminescence, to de- 
termine contfnuously the NO, concentration 
in t h e  sample gas stream. The analyzer 
shall meet the applicable performance spec- 
ifications of Section 4. A me- of control- 
ling the an&lyzer flow rate and a device for 
determining proper sample flow rate (e.g.. 
precision rotameter, pressure gauge down- 
stream of all f low controls, ek.) shall be 
provided at the analyzer. 

5.2 NO, Calibration Gsses. T h e  calibra- 
tion gases for the NO, analqzer shall be NO 
in Nt. Three calibration gases, 85 specified in 
Sections 5.3.1 through 5.3.3. of Method 6C, 
shall be used, Ambient air may be used for 
the zero gas. 
6. h f e c u u r m t  S y s h  Perfonname Test 
Procedures 

Perform the following procedures before 
mesftzrement of emisions (Section 7) .  
6.1 Calfbation Gas Concentration Veriii- 

cation. Follow Section 6.1 of Method 6C, 
except If calibration gas analysis is required, 
use Method 7 ,  and change all 5 percent per- 
formance values ta 10 percent (or 10 ppm. 
whichever is greater). 

6.2 Interference Response. Conduct an in- 
terierence response test of the analyzer 
prior to its initial use in the field. Thereaf- 
ter, recheck the measurement system if 
changes are made in t h e  instrumentation 
that could alter the interference response 
(e.g., changes in the gas detector). Conduct 
the interference response in accordance 
wlth Section 5.4 of Method 20. 

6.3 Measurement System Preparation &. 
a t m r  Callbration Error, and S a m p l e  
System Bias Ch- FOUOW W t i o n s  6.2 
through 6.4 of Method 6C. 

6.4 NO, to NO Conversion Etflciencp. 
Unless data are presented to demonstr;rk 
that the NCh concentratloa withfn t h e  
sample stream is not greater than 5 percent 
of the NO, concentratlo& conduct an No, 
to NO conversion efficiency test in accord- 
m c e  with Section 5.6 of Method 20. 
7.  Emission Test Procedure 

7.1 Selection of Sampling Site and *- 
piing Points. Select a messurement site and 
sampling points using the same criteria that 
are applicable to tests performed usb 
Method 7. 

7.2 Sample C o k c t i o a  Position the w. 
p b g  probe at the f i rs t  messurernent point 
and begin sampling at the same rate 8s used 
during the  system callbration drift ttJt 
Maintain constant rate sampling (Fc.. &I0 
percent) during the entire The sam- 
pllng time per run shall be the same 85 the 
total time required to perform a m 
Method 7, plus twice the system responx 
time, For each  nu^ use only those measure- 
ments obtained after twice the response 
time of the measurement system has 
elapsed. to determine the average effluent 
concentration. 
7.3 Zero and Calibtation Drift Test 

Follow Section 7.4 of Method 6C. 
8. Emission CaZdation 

Follow Section 8 of Method 6C. 
9. Bibliopmphy 

Same 8s bibliography of Method 6C. 
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i. Appl i cah l i t y  and =&pk 
1.1 Appllcabillty. This method applies to 

air measurement of tom gzseous organic 
concentration of vapors consisting primarily 
O! alkanes, &en=, and/or venes (aromatic 
hydrocarbons). The conccntmtion is ex- 
prrsed in terms of propane tor other appro- 
priate organic dbrrrtion gas) or In terms of 
cubon 

1.2 Principle. A qas sample Is extncted 
from the source through 8 heated sample 
line, if necwary, m d  glass fiber filter to a 
flame ionfiation analyzer (FLA). Results .re 
=ported as volume concentration tqufvr- 
ltnts of the calibration gas or .s awbn 
auivalents. 
t Wnft ions 

2.1 Mtasurement System. The tom 
equipment muired for the dctermfnntion 
of the   as concentrrrtion, The system con- 
dsts of the following major subsystems: 

2.1.1 Sample fnkrface. That portion of 
the system that is used for one or more of 
the following: sample acquisition, sample 
trrmsportation, sample conditioning, or pro- 
tection of the analyzer from the effects of 
the stack effluent. 

3.1.2 Organic Arralyzer. That portion of 
the system that mms 0-c mnantra- 
!ion and gentrates an output proportiopal 
b the m concentration. 
2.3 Span Value. The upper rlmft of a gas 

concentration measurement range that is 

specified for affected source categories In 
the applicable part of the regulations. The 
span value is estabkhtd in the applkablc 
regulation and ts ususlly 1.5 to 2.5 times the 
applicable emision limit. If no span W u c  Ls 
provided, use a span value equivalent to 1.5 
to 2.5 times the expected concentration. For 
convenience, the  span value should corre- 
spond to 100 percent of the recorder scale. 
2.3 Calibration G8s. A known concentmi- 

tion of a gas in an appropriate diluent gas. 
2.4 Zero Drift. The difference fn the 

measurement system response to a zero 
level calibration gas before m d  after a 
stated period of operation during which PO 
unscheduled maintenance, repair, or must- 
ment took place. 

2.5 Calibration Drlft. The difference In 
the measurement system response to 8 mtd- 
level calibration gas before and after 8 
rtated period of operation during which no 
unscheduled malnten~nce, repair or adjust- 
ment took place, 

2.6 Response Tlmt. Tht t h e  fntcmd 
from a step change in pollutant concentrs- 
tion at the inlet to the emission measure 
ment system to t h e  time at whlch 95 per- 
cent of the correspondhg fW value Is 
rtached as displayed on the recorder. 

2.7 Calibration Error. T h e  difference bc- 
tween the gas wncentmtion indicated by 
the  measurement system m d  the known 
concentrrrtfon of the  dbration gas. 
3. Appatrxltu 

A schematic of an uxeptablt masutt- 
ment syskm Is shown in =A-1. The 
tsscntial components of the measurement 
system are described below: 
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3.1 Organic Concentmtion A n d m r .  A 
f l m e  iontvltion lnalyzer (FIA) capable of 
meeting or exceedfng the speclfiCations In 
this method. 
3.2 Sample Robe. Staid- steel. or 

mulvalent. three-hole rake type. Sample 
holes shall be 4 mm In diameter or smaller 
and locsted at 16.7. 50. m d  83.3 percent of 
t h e  tqufvalent stack diamettr. Alternative- 
lg, 8 single opening probe may be used so 
that 8 gas sample Ls collected from the cen- 
trally located 10 percent are8 of the stack 
cross-sect ion. 

3.3 Sample Line. Stahless steel or 
Teflon. tubing to W p o T t  the sample g9s 
to the analyzer. T h e  saunple b e  should be 
heated, ff necesary, to prevent condensa- 
tion in the We. 

3.4 Calfbration Valve Assembly, A three- 
nap valve assembly to direct the zero and 
crlibratlon gases to the u l a l ~ r s  is recorn- 
mended Otncr methods, such 8s  qulck-con- 
ne t  lines, to route callbratlon gas to t h e  
mpzers art rpplkablc, 

9.5 Particulate Flltcr. An in-stack or ur 
out-of-stack glsss fiber filter t recommend- 
ed if exhaust gas particulate loeding is sfs- 
aiflcant. An outof-stack filter should be 
heated to prevent any condensation. 
3.6 Recarder. A striwhsrt recorder, 

d o g  computer, or dgIW =order for re- 
cordhg measurement data T h e  minimum 
data ncclrding requirement is one mcBsure 
mcnt vplue per mfnuk. Note: T b h  method 
ir often applied in &My cxploslve weas. 
Caution and cart should be txtrrised h 
choice of equipment and installation. 
4. Ccrlibrution and O t h t ~  Gus- 

Gases used for crlibrations. fuel, and corn- 
bustion air (if rtquired) v e  contained in 
cornpressed gas cylinders. Reparation of 
calibration gues shall be done according to 
t h e  procedure tn Protocol No. 1. llsted in 
Reference 9.2. Additionally. the manufac- 
turer of the  cylinder should provide I m- 
ommended shelf M e  for esch dbrrtion 
cylinder over which the concentration docs 
not change more t h a n  2 2  percent from the 
certified vilue. For calibration gas values 
not generally ivailable (k., orgsdcs be- 
tween 1 and 10 percent by volume), alterna- 
tive methods for preparing calibration gas 
mixtures, swh LU dilution systems, may be 
used with prior approval of the Administra- 
tor. 

Calibration gases ususlly consist of pro- 
pane in air or nitrogen and u e  determined 
Ln krnv of the span value. Organic corn- 
pounds other than propane can be used fob 
lowing the above guidelines m d  making the 
rppropriate corrections for response factor. 

4.1 n e l .  A 40 percent H,/60 pcreent Be 
or 40 perccnt &/60 percent NS w mixture 
la recommended b avoid an oxygen s n e r -  
gkm effect that reportcay OCCLIA when 
oxygen concentration varies slgnlficantlg 
from a mean value. 

4.2 Zero Gas. High pWty tfr Wth 1- 
than 0.1 parts per -ion by volume (pprnv) 
of organic material (propane or carbon 
equivalent) or less than 0.1 percent of the 
span value, whichever is greater. 

4.3 LRw-level Calibration Gas. An o r g d c  
callbration g s  with 8 concentration equiva- 
lent to 25 to 35 percent of the rppllcable 
span value. 

4.4 Mid-level Calibration Ges. An orga& 
Calfbration gas with 8 concentratlon equiva. 
lent to 45 to 55 percent of the 8PPkable 
span value. 
4.5 High-level Calfbretion Gas. An organ- 

ic callbration gas with a concentration 
equivalent to 80 to 90 percent of the rpp& 
a b l e  span vduc. 

5.1 Zero Drift. L t s  thrn 2 3  percent of 

5.2 Calibration Drlft. L e s  than x 3  per- 

5.3 Calfbrntion -or. Lesi than ~5 per- 

t h e  span value. 

cent of span value. 

cent of the callbrstion gas value. 

6.1 Selection of ccllmplbg Site. "he locs- 
tloa of the sampling rite is genemy speci- 
fied by the 8ppllubk mgulstion or purpose 
of the test; toe.. exhaust sbck ,  M e t  lfnt, tk 
The sample port shiill be located at least 1.5 
meters or 2 equfvralcnt diameters upstreiun 
of the gas dkcharge to the atmosphere. 

6.2 W t i o m  of Sample Probe. Install the 
rample probe so that the probe b a n t r a l l y  
located in the s- pipe, or duct m d  b 
8eaJed tightly rt the  stack port connectfon. 
6.3 Measurement Syskm Pnpamtion. 

Prior to the emissfon test, luscmblc the 
messuremcnt system following the mmu- 
ircturer's written instructions in prep- 
the sample interface m d  the organic ma- 
lyzer. Make the system operable, 

FXA equipment can be calibrated for 
h o s t  any range of total organics concen- 
tratiors. For high concentrations uf organ- 
ics (>LO percent by volume as propme) 
modifications to most commonly available 
rnayztrs sue necessary. One accepted 
method of equipment modification is to de- 
cresc the size of the sample to the analyter 
through the use of a smaller diameter 
sample capillary. Direct and continuom 
measurement of orgmic concentration is a 
necessary consideration when dekrmlninCT 
m y  modification design. 

6.4 Calibration Error Test. fmmediatdY 
prior ta the test series, (within 2 hours of 
the star= of the test) introduce mro pas and 

Mention of trade n-cs or specific prod- 
ucts does not constitute endorsement by the 
Environmental Protection Agency. 
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Mgh-level calibration gas at the calibration 
d v e  rssembly. Adjust the analyzer output 
to the appropriate levels, if necessary. Cal- 
culate the predicted response for the low- 
level and mld-level gases based on a linear 
mponse b e  between the zero and high- 
level responses. Then introduce low-level 
md mid-level alibration gases successively 
fo the measurement system. Record the an- 
Jyzer responses for low-level and mid-level 
calibration p~ses  and determine the differ- 
ences between t h e  measurement system re- 
rponses and the predicted responses. These 
differences must be less than 5 percent of 
the respective calibration gas value. If not, 
the measurement system is not rcceptable 
and must be replaced or repaired prior ta 
testing. No adjustments to the measurement 
rystem shall be conducted after the -bra- 
tlon and before the drift check (Section 7.3). 
Ii adjustments are neceSSary before the 
Completion of t h e  test series, perform the 
drift checks prior to the required sdjust- 
ments and repeat the callbration following 
the rdjustrnents. If multiple electronic 
rulges are  to be used, each additional mnge 
must be checked with a mtd-level dibration 
gas to verify the multiplibaation factor. 

6.5 Response Time Test. Introduce zero 
gas hto the measurement system rt the 
malibration valve ossembly. When the 
rystem output has stabilized, switch quickly 
to the high-level calibration gas. Record the 
t h e  from the concentration change to the 
measurement system rcsponse equtvdent to 
95 percent of the step change. Repeat the 
test three times m d  rvcmge the results. 
7. Emission d d c t m m m m t  Tut -dun 

7.1 Organic Mesurernent. Be- sum- 
p h g  at the  start of the test period, record- 
hag t h e  and any required process hfonns- 
tfon as appropriate. IA particular, note on 
the recording chart perlods of process inter- 
ruption or cyclic operation. 

7.2 Drift Determination. hzntdinkly 
following the completion of the test period 
and hourly during the test period, relntro- 
ducc the zero and ad-level calibration 
tases, one at a time, to the measurement 
agstem at the calibration valve assembly. 
(Make no adjustments to the measurement 
system until after both the zero and calibra- 
tion drift checks are made.) Record the ma- 
l a e r  response. If the drift values exceed the 
specffied Wts, invahdate the t e s t  results 
preceding the check and repeat the test fol- 
lowing corrections to the measurement 
8pstem. Alternatively. recalibrate the test 
measurement system as in Section 6.4 and 
=port the results using both sets of a b r a -  
tion data (Le., data determined prior to the 
test period and data d e t e d e d  following 
the test period). 
8. m a n i c  Concentrution C d d a t i o m  

Detcrmfne the average organic conccntm- 
tlon in terms of ppmv u propane or other 

clrlibntion gas. The avenge shall be deter- 
mined by the integration of the output re- 
cording over the period specifled h the ap- 
plicable regulation. 
U results y e  required in terms of ppmv 1 ~ s  

carbon. adjust mclsured concentrations 
using Equation 25A-I. 

C,=KC- a- 2%-1 

Where: 
C,=Or&c concentration as carbon, ppmv. 
C-E Orpanfc concentration u measured, 

X=Carbon equivalent correction factor, 
PPmv. 

K==2 for ethane. 
X==3 for propane. 
K=4 for butane. 
X=Appropriate response factor for other 

organic calibration gases. 
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delayed. t lnely notice w?!1 be publisSed 
in the Federal Register. 
ADDRESSES: Copies of the state 
rubmttal for this action are available 
for pubbc inspection during normal 
busincss hours at; the Envi.ronmcnta1 
Protection Agency, Regon VTL Air 
Branch 726 h'desota  Avenue. Kansas 
City, Kamas 66101; Public Information 
Rzference Unit  Environmental 
Protection Agency, #l hl Skeet SW, 
Washington. DC 2w60; Envitonmental 
Protection Division. Iowa Department of 
Natural Resources. Wallace State Office 
Buildnig. 930 East Grand, De3 Moines, 
IQWa 50319. 
FOR T U R W E R  INFORMAllON COwf&m. 

2767603). 
SUPPLEMENYLRY INFORMAn3N: 

Way-,e Kaiser at (43) 551-7603 

Octot er 17, meb.  EPA revised the 
prevention of ripiicant deteriora~ion 
W D ]  regulstions at 40 CFR 5 2 2 l  [see 53 
FR 406s) for nitrogen oxides. These 
regulations establish the maximum 
increase in ambient nitrogen diokde 
concentrations d o w e d  in RII area above 
the baseiine concentra tic% these 
maximum abowable inaeases %re 
called Lxrenents. T h e  ktended eEect CI 
these r&etions is to require aU 
applicants far major lzew stationary 
aources and major moL5catioas 
emitting niwogcn oxides to account for 
aud. if necessxy ,  restrict emissions ao 
as nut to ca-use or contribute to 
exceedaces of the increment. 

On November 20.1993, the IDNR 
rubmitted an amendment to chapter 
22.4(455)3), "Special Requirerzants for 
Major Stationary Sources Located in 
Areas Desip-ated Attainment or 
Undassff~ed VSDj," which hcorporates 
by reference the revisions to 40 CFR part 
5221, effective October 17.1983. The 
state rule was effective November a. 
1990. The state also provided B 
demonatration that it meets the 
conditions for apphval of adoption of 
the Na increment program 8 6  detailed 
h the EPA guidmce memorandum an 
the subject dnted August 17,1990. 
The above rnemorvldum described 

rpeciCic conditions for EPA a p p d  of 
a state's adoption of  the NO, iucrzrnent 
d e .  Those conditions pertained to 

consumption analycis, mcerncnt 
consumption for the bassifion period, 
and legal rutbarity. EPA hsr crduatcd 
the rtate'r rubnfttal in accordance with 
tbe August 17.1990, guidance and f i d s  
that the r b t e  submittal is acceptable. 
EFA is publishing thh action without 
prior propcsal because the Agency 
view3 this as a noncontroversial * 
amendment and anticipates no adverse 
comments. This action will be eflectivc 

. regulatory language, increment 

April 15.19% unless. within 30 days of 
its publication. notice is received that 
adverse or &tical coaments will be 
submitted. 

If such notice is received. this actioa 
will be withdrawn before the effective 
date by publishing two subsequent 
tatices. O n e  nctice will withdraw h e  
h a 1  action and another will begin a 
new dcrnaking by anno*mcing a 
proposal af the action and establishing a 
comment period. If no such comments 
are received, the public is advised that 
this action will be effective ApiI  15. 
1991. 

EP.4.4ction: EPA is taking final action 
to ap?;ove 8 revision to Iowa d e  567- 
22.4[455B) which adopts by refercnec the 
PSD XOZ requirements of 40 CFR 5221 
at 53 FR 40656 (October 17,1988). 
Nothrg in this action should be 
conseJed 8s pedt tvrg  or d o w i n g  or 
tstablishmg a precedent far any future 
request for revision to any SIP. Each 
=quest for retisior! to the SIP r h d  be 
considered aeparately in light of specific 
teduuc2t  ccononic and enviroamcntal 
factors and in relation to relevant 
statutory and regulatory requirements. 
Under 5 U.S.C. SOS(b], I ccrtify b a t  +&s 
SIP revision will not have a significant 
e c o n o d c  impact on a ~ubstarrtial 
number of small entities (See 46 FR 
1709). 

Table 3 action by ihe Regiocal 
A W s - t o r  wider tbe procedures 
published in the Federal Register on 

January 8,1989. the O E c t  of 
Management and Budget waived Tables 
2 and 3 SIP revisions (54 F'R 3339) born 
the Fequirements of Section 3 of 
Executive Order l a 1  until April 1991. 
Under section 3Ui(b)(I) of the Act 

petitions for judicial review of &is 
action must be filed in the US. Court of 
Appeah for the appropriate circuit by 
April 15,199l. This action may not be 
challenged later in proceedings to 
enforce its requirements. (See stctian 
3071b1(2)*1 
The Agency has reviewed this request 

for revision of the federally approved 
SIP for conformance with the provisions 
of the 1990 Amendnenb enacted on 
November IS, 1990. The Aaency has 
determined that this action confums 
with those requirements irrespective of 
the fact that tbt adoption of the nvition 
by the state preceded the date oE 
enactment. 
List of Subjects in 40 CFR Part Z 

reference, Intergovernmcntal relaticms, 
Nitrogen dioxide. Particdate matter. 
Sulfur oxides. 

This action has been classihd as a 

Janua..i 19,1989 [54 FR 2219-2225). on 

Air pollution control, Incoqoration by 

Dazed: lanuary 23 1991. 
Marti. Kay. 
figionol AdminisLmtor. 

40 CFK part sz subpart Q. is amended 
as follows: 

PART 52-[AMENDED] 

I. The authority citation for part 52 
continues to read as follows: 

Authority 42 U.S.C 7lol-7642 
2 Section 52820 is amended by 

sdding paragraph (c)(53) to read as 
follows: 

~ 5 2 8 2 0  IdenUlicr~on of p h .  
. * * . .  

(c) 
(53) Rekised chapter 39 d e  

22.4(455B), submitted or, November a 
~ m .  incovorates by reference revised 
€PA PSD rules pertaining to NO, 
increments. 

(i) Incorpora tion by r e l m c e  
(A) Amendment to chapter 22 

"Controlling Pollution." Iowa 
Administrative Code, subrule 224, 
adopted by the Environmentail 
Protection Coxdssion on October 17. 
1990, effective November 1990. 

(ii) Additional rcatei,d 
(A) latter from the state dated 

November 8.1990, partaL* to No, 
d e s  and analysis wkdi certifies the 

' 

material was adopted by kt state on 
October 17,1930. 

Doc Ql-3451 Fdtd ZrtQ1; &45 un] 
U W L l Y b L w  

$0 CFR Par? 60 

[AP-FRL-3867-1] 

Standards a? Pcrfomncs for New 
Statlonay Sour- A d d i m  of 
Methods for Messurement of . 
PoIychlodnatcd fNberu~lodnt, 
Potychlorlnattd DIben;lafwans, and 
Hydrogen Chlodde Ernldonr Fmm 
Statiomry sources 

AGENCY: Environmental Protection 
Agency P A ) *  
A ~ O N :  Final rule. 

SUUMLVIY: The purpose of thin action is 
to add Method 23, "Determination to 
PulycMorinatcd Dibcnzo-p-Dioxins 
CPQ3D's) m d  Polychlorinated 
Dibenzofurans CpCDFs) h m  Stationary 
Saurccs." and Method 26, 
"Determination of Hydrogen Chloride 
Emissions &om Stationary Sources" to 
appendix A of 40 CFR part 60. These 
methods art being pmmdgated to - 
determine compliance with rubpatb Ca 
and Ea of part 80. 

1 

! 
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DATES: &,F;lective Dcte: February 13. 
199l. 

judicial Review: Under section 
30 i [b ) ( l )  of the Clean Air Act judicial 
review of the actions taken by this 
notice is available only by the f h  of 8 
petition for review in the US. Court o€ 
Appeals for the District of Colcmbia 
Circuit within 60 days o€ today'r 
publication of this rule. Under rcction 
N t ( b ) ( z )  01 the Clean Air Act the 
requirements that are the subject of 
today's notice may not be challenged 
later in civil or criminal proceedings 
brought by EPA to enforce the5e 
requirements. 
ADDRESSES: Background Infonnotkrr 
Dccument. T h e  Background Wormation 
Document for t.?e promulgated test 
methods may be obtained from CW 
McAlis ter at Roger Shigehara. -19, 
US. EPA Research Triangle Park. North 
Carolka nnl. telephone number (919) 
541-1062 Please refer to "Summary of 
Comments and Responses for Mcthodr 
23 and 26." 

Docker. Docket Number A-84-11. 
containing material relevant to thij 
rulemaking, is available for pubIic 
inspection and copying between 830 
a.m. azd 3:30 p.m. Monday through 
Friday. at EPA'3 Air Docket Section 
mom M - I ~ .  1st Floor. Waterside MalL 
401 M Sbeet SW.. Washington. DC 
2046C1. A reasonable fee may be charged 
for copying. 

Gary McAlister or Roger Shigehara. . 
Emission Measurement Branch (hfPl9). 
Te&.l;cnl Support Division US. 
Envtronrnental Pmtection Agency, 
Research Triangle Park. North Carolina 
2/111. telephone number (929) 541-3062 

L The RulemlLing 

regulating emission8 born municipal 
waste comburfon (MWCr) fnduding 
retting emission limits for 
polychlorinated d i b e n z q d o x h  
WDD's). polychlorir,ated 
dibenzofuras (PCDFm). and 
hydrochloric acid WCI). There are 
presently no methods published in 40 
CFR part 60. appendix A to meaiurt 
any of these pollutanb. This action 
would promulgate one method to 
mcasun the PCDD's and PCDFs and 
another method to measure the HCt 
Summury of Reference Mefhods 

Method 23 is used to measure the 
emission of PCDD'r and PCDFs from 
MK". A sample is withdrawn 
isokinetically from the rtack through a 
probe. a filter. and a trap packed with a 
solid adswbent. The PCDD's and 

FOR FURTnER 1HFOWATIOM WNTAm. 

SUPPLEMEMTARY WFORMATIOW 

Under Subparts Ca and Ea, the EPA i m  

PCDFs are collected in the probe. on the 
filter. and on the solid adsorbent The 
FCDD's and PCDFs are extracted h r n  
the particulate matter and the adsorbent 
with a hot organic solvent The 
extracted PCDD'r and PCDFs ate 
separated by capiIIary gas 
chromatography. and then each isomer 
is identified and measured with mass 
spectrometry fGC/MS]. The total 
PCDDr and PCDFr are the sum of the 
individual isomers. Toxicity facton are 
not used in the calculation. 
Method 28 is used to measure the 

emission of HC1 from hfWC'r. A sample 
is withdratss at a constant rate from the 
stack through a probe and imphgen 
filled with a dilute acid The HCI b 
collected in the imphger  solution. The 
chloride ion is regaraced by ion 
chromatography and meawed  by a 
conductivity detsctor. 
BackgmW?d 
In 1983, the American Society o€ 

Mechanical Engineers (ASME] 
recognized that the testing for PCDD'r 
and PCDFs needed to be standardized. 
In February ol1984, the ASME convened 
a committee of government 
representatives, tesMg consultank 
equipment manuEacturerJ. and 
incinerator operaton to write a 
rtandard test proccdun for PCDD'r and 
PCDFn. This was eventually distributed 
as a draft Ash= protocof in December 
of 19%. Tbc procedure that we are 
pmmdgating was derived from this 
draft AShE protocol There arc lomc 
changes tn the quafity astwmce [QA) 
requirenents and the solvents used to 
recover the sample in the pmmulgated 
method. Because more labeled 
wmpottn&are.vai~able,tbcmcthod 
will require additional labeled i n t e d  
standards and sumagate compounds 
which will provide better repmentation 
of the entire range of PCDD's and 
PCDFs. The filter and sobid adsorbent 
are extracted in the laboratory With 
toluene to aIsurc a high PCDD and 
PCDF recovery efficienq. Additionally 
the proposed s a q l e  recovery solvents 
used €or r i n s i n g  t!x rample bain 
glassware in the field would be rcetone 
followed by metlylene chloride with 
final quaIity assurance rinse uing 
to!uene. However. the results born the 
toluene rkrse att not used in calcdattng 
!he tota1 PCDD and PCDF emissions. 

* EPA will continue to review the toluene 
field rime quality assurance results and 
continue to evaluate the desirability of 
replacing rnethylene chloride with 
toluene for field rinsing sample 
glassware. 

XI, PublIc Participation 

The opportunity to hold n public 
bearing at 10 a.m. on February 7,1990 
was presented. but no one requested a 
hearing. The public comment period was 
born December 20.1989 to March 5. 
1990. 

LIL Significant Comments and Changes 
to the Proposed Rulemaking 

rtceiyed on rbe proposed test methodr. 
These comments have been carefufly 
considered and. where deemed 
appropriate by the Administrator. 
changes have been made in the 
proposed test methods. A detailed 
discussion of these commenb is 
contained in the background document 
entitled, "Su.mnary of Comments end 
Responses for Methods 23 and 28" 
which is referred to in the UDCIESSES 
rection of this preamble. 

Several commentem thought that 
there were not enough stack sampling 
organizations that were experienced 
with Method 23 to avoid major delays in 
ieculw sarnpbg and analysb 
eontracton. Many of these commenten 
also thought that there would not be em 
adequate rapply of calibration 
standards and audit rampler. We 
believe that the number a€ tests nquired 
immediately after promulgation Qf the 
regulation will not exceed ths - 
capabilities of the available rampling 
m d  analytical iahratories a d  that 
there wiU be an adequate mppb of 
labeled standards and audit ~ l a m p k  
The full effect of the testing 
requirements for the new and ucI.ting 
iources will not be felt €or about five 
years. We believe that this is adequate 
time to allow for the necessary 
expansion of testing capabilities 
Some commentern requested 

alternative proctduree or metbods to 
Method 23. While testem dwayr have 
the option of requesting altcrnativs 
methods. requests should be submitted 
after the method becomes final. Any 
request shodd be in wri- and should 
be accompanied by any supporting date. 
Many commenterr thought that the 

gas chromatography columns rpecified 
in Method 23 were not the most 
appropriate choice. The column 
requiremeats in the method have been 
revised to allow the tester to use m y  
column rystcrn provided that the tester 
can demonsbate through calibration and 
performance checkm that the w l l w  
provide the necessary isomer 
separation. 

20 rhould be modified to allow 
iroktnetic sampling SO that i t  wuld be 

Thirteen comment lettem were 

One commenter thought that Method 



lied to sources where hydrochloric 
I aerosols are present. W e  agree th8k 
h e t i c  sampling may be important at 
r e s  other than Mwc's. W t  have 
pared Method 26 and an isakinetic 
pling b i n  and found that they 
m I l y  give simi!ar results at rtadc 
xntrations above 20 PPM. At Iower 
Zntrations the makmetic sampling 
1 seems to have a negative biar, We 
continuing to investigate this 
ilem. and may be able to approre an 
rnativc metbod using isokinctic 
,piing for future nsc. 
notker commenter wanted EPA to 
elop a QA audit sample for Method 
4n audit smgle is being developed 
will be avdable  far validating the 

dts of compliance tests. 

Admiairtrative 
he docket is an organized and 
iplete file of aII the Wormation 
mitted to or othenvist considered by 
i in the development of this 
-The pMapal  purpees of - . 
docket are: (1) To allow interested 
ties f~ idenhfy and locate documents 
hat they can effectively participate . 
he dcmakmg process and (2) to 
re as the record in case of judicial 
iew (except for interagency review 
tcriabf (section =[d)(?)(A]). 
fnder Executive order a. EPA 
sf judge whther a rtgulation ir 
sjor" and therefore. mbject to the 
uihmmt of a regalataxy impact 
3- The Agency bar determined 
t this dernaking w d d  not hsdt b 

any of the rdverse economic tflecb set 
forth m Section z of the Order as 
grounds for bduq I -major dt- The 
Agency has therefore, canduded that 
this tegdatiun is not a Ymajor d e "  
under Executive Order 1224. 
The Regulatory Flexibility Act @FA) 

of 1980 requires the identification of 
potentidy adverse impacts of FcderaI 
regulations upon rmaU business entities. 
The Act spec ibdy  requires the 
comp1etion of an RFA lpalysii in those 
,instances where d business impacts 
ure possible. Because this rulemaking 
imposes no adverse economic impacts, 
an analysis has not been m d a c t e b  

Pamuant to the pKNisions of S U.S.C. 
W3(b]. I hereby certify that this 
promulgated rule wil2 not have an 
economic impact m small entities 
because RO additional cosb will be 
incurred &urn this action. 

Thia  rule does not contain any 
Wormation collection requirements 
currently approved by OMB review 
under the Paperwork Reduction Act of 
1980, +4 USC. et seq. 

List of Subjecb in 40 CFR Pa? 60 

Air pollution control Muniapal waste 
combustors, Polgch3urinaied di-p 
djoxipf Polychlorinated dibenzofPrary 
Hydmgen chloride. 

F. Henq Habichf 
A- Addrushtar. 

Regulatioru is amended as follows . 

. 

Do* January tl. 1991. 

Title 40. part 60 of the Code of Fed& 

i 
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2 5 4  Filter Sloragc Contoinct. S d t d  
iltcr holder. wde-mwth amber glass jar with 
'eflon-lincd cap. or glass pcm dish 

2 2 5  Balance. Tnplc beam 
2 2 6  Aiuminm FOIL Heavy duty. hcxane- 

i n i t d  
t ~ 7  Metel Storage Container. Air t&ht 

ontamer lo store rilico gel. 
2 2 8  Graduated Cylinder. Clnsa S r n l  

vlth 2-ml graduation. 
2 2 9  Clasm Sample Storage Container. 

b b e r  glass bottle for rampic glaraware 
vashts, SOO. or 1md. wth leak k 
'eflon-lined u p s ,  
u Analysis. 
23.1 Sample Container. 12s- and Uo-mI 

l i n t  glass bottles wrh Teflon-ltncd caps. 
Z3.Z Test Tube. Class. 
2 3 . 3  Soxhlet Exbacbon Apparstus. 

:apable of holdtng 43 x 123 mm extmction 
hirnbles. 
23.4 Extraction Thimble. Clark 

mcleaned cellulosic or glaas fiber. 
23.5 Pastcur Rpctter. For pnppFins Siquid 

hmatographic  columns. 
23.0 Rcacti-nair. Amber darr. 2-d. 

rilanized prior to use. 
23.7 Rotary Evaporator. Budtl/Brinkm.n 

W - l n  or equivalent 
233 Nimgcn Evaporative Concentrator. 

Q-Evap Analytical Evaporator Model XU or 
qwvalent  
239 ScparatoTy Funnela Glass. 2-liter. 
t3.10 Gar Ommatograph Coruisting of 

he following components: 
Z3.10.1 oven  Capabte of maintaining the 

Rparatmn column rt h e  pmper apcrsring 
emperatwe f 'C and pcrfomirq 
m p m m e d  increaser in tempelrtrm mt 
r t e s  o l  at least 40 'C lmk 

;olumn oven. detector. and exhrwt 
temperatuns 2 1 'C 

Bystern to measure Sample. fuel combustion 
Bas, and carrier gar fSowr. 

23.10.4 Copillary Columrr~. A fused r i l iu  
co~umn. 80 x 025 mm inride diameter (a). 
coated wth DW5 and a fused d i c a  column. 
30 m x 025 mm fD coated wtb DB-225. 
Dthcr column rystemi may be uscd pmvided 
that the u e r  ir able to demonstrate urirq . 
ulibrabon and performance c h e h  that rho 
eolumn syrtem ir able to meet h e  
~ w f i ~ t i o ~ ~  of rection 
23.12 Mar6 Sptctrbmeter. Capable of 

mutine operation at a rtsolution of t3oooO 
with a stability of * S ppm 

mas6 spectrometer and capable of monitoring 
at least five groups of 25 ions. 
23.13 hna!ytAcal Balance. To measure 

w i t h  0.1 mg. 
3. Reagents 

Z3.102 Temperature Gauge. To monitor 

U.1U Flow System. Gar metering 

U.12 Data System Compatible with tbt 

3.1 Sampling. 
3.1.1 Fihem. Class fiber filters. without 

ogamc binder. r x h i b i w  rt least 9995 
percent efficiency f <O.M percent 
penctm tion) on 0.3-miuun dioctyl phthrlrte 
rmoke particles+ The W e t  cfficicney test 
rhall be conducted in accordance with ASZU 
Standard Method D t9-n meappmvtd 
3978) (incorporated by rtferencc--rce 
f 00.171, 
3.1.1.1 Recleaning All filters shall be 

cleaned before their initial u r c  Place I gtau 

Ptuu&Jm 

trrorlm86:mansin 
m r b a k w . w m e ~  
*rrh warn. wd 
dacudRImlmratw 

-0Vr r rg tgw 
8 m b r m . M  - 
crarr 

Emact rrrzI d l r n  b 8 

€.rmuhYPharr 
€rmUm22- 
Ertnaru22twm% 

Detector Flame ronization detector 
operated at a sensitivity of 4 x '10- 
mV. 

Af 

Injection Port Temperature: 250 'C 
Detector Temperature: 305 'C 
Oven Tcrnperaturz: 30 'C for 4 m i x  

programmed to ri5e at +o 'Clmin until it 
=caches 250 'C: return to 30 'C after 17 
rn tn u tes. 

Compare the results of the analysis to the 
rcsulb from the rcfennce rolutior~ Prepan 
the referrnee solution by injection 2.5 4 of 
rncthylenc chloride into I00 ml of toluene. 
This cornsponds to 100 pg of methylent 
chloride per g of adsorbent. The maximum 
acceptable concentration is 1M30 pglg of 
adsorbent. If the adsorbent exceeds th is  
level. drying must be continued until the 
excess mcthylene chloride is mmoved. 
3.1.24 Storage. The adsorbent must be 

used within 4 weeks of cleaning. After 
cleaning. it may be stored in P wide mouth 
amber glass container with a Teflpn-lined cap 
or placed in one of the glasr adsorbent 
modules tightly sealed with g lau  stoppen. ff 
predeancd adsorbent is  purchased in reakd 
containerr. it must be wed witbin 4 w e b  
after the real is bmken. 

.' 3.13 Glass Wool. Cleaned by q u c n t i d  
immersion in three aliquotr of methylme 
chloride. dried in a 110 'C oven. m d  rtond in 
a methylent chloride-washed gtau jar with I 
Teflon-lined screw cap. 
3.1.4 Water. Deionizedaistilled mnd 

a t 0 4  in a rnetfrylene chloriderinsed glass 
container with a Tenon-lined screw cap. 

I f f  Silica CeL Indicating t y p ~  6 to 16 
mesh If previously used. dry at 175 'C (350 
T )  for two hours. New lilies gel may be used 
as rcccived Altcrnsttly other typrs of 
desiccants (equivalent or better) may be 
used. subject to the approval of the 
Administrator. 
3.1.6 Chromic Acid Cleaning Solution 

Dissolve 20 g of sodium d i c h n a t e  in 15 rnI 
of water. and then urrefutly add 4Ul  ml of 
conctntrated rulfurit a c i d  
3 2  Sample Recovery. 
3 1 2  Acetone. Pesticide quality. 
322 Mtthylene Chloride. ksticidc 

3 L 3  Toluene. Rrticidc quality. 

331 Potassium Hydroxide ACS gndc 2- 
perr=cnt (wcight/volumc) in wattr. 
332 Sodium Sulfate. Granulated. reagent 

grade. Purify prior to use by rinsing with 
mrthylenc chloride and oven drying. Ston 
the cleaned material in a glass container with 

TtfIon-;tintd screw cap. 
3.3.3 Sulfuric Acid. Reagent p d e .  
3.3.4 Sodiua: Hydroxide. 1.0 N. Weigh UI 8 

af sodium hydruxide into a 1-liter volumetric 
flask. Dilute to 1 liter with water. 
33.5 Hexane. Pesticide grade. 
33.6 Methylme Chloride. Pestiadt gnds. 
U . 7  3enztne. Ptrticide Grade. 
33.8 Ethyl Acetate. 
3.3.9 Me tkanoL Per ticide Cmdc 
3.310 Toluene. Pesticide Grade. 
3.3.11 Nonane. Pesticide Cnidr 
83.12 Cyclohexane. Pesticide Grade. 
3.3.13 Basic Alumina. Activity grade 1. 

fW-fW mesh hior to use. rctivatc the 
ahmina by heating far It) h a m  at WO 'C  

qualtity. 

'33 hnalysi.. 
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l thm 30 days of coUcctroo and wal>lcd 
7 t h  IS days of extraction. 
S.1 Sample Exbactroa 
St.1 Ercmctioo System Placc an 

ctraction thmble (section 23.4J. 1 g of ai l i t3  
:L m d  8 plug of $a ir  wool into the axhlct 
pparahur &age  the ippararru with toluene. 
nd =flux for 4 &IPU=EI of 3 ho*m. Remove 
ic toluene and discard it but rrtnnin the 
lics geL Remove the u m c t i o n  thimble 
om the extraction ryokm m d  plaer it in a 
!ass beaker to catch tbc solvent h e r .  
~ 1 2  Container h'a 1 (Filter). Tranrfer the 

ontents M t l y  to the darn thimble of h e  
xtraetion a p t e m  and r x m c t  them 
unultaneowly with the -2 resin 
5.19 Adsorbent Cahdgc. Suspend the 

dsorbcnt m d d e  di'tctly over the extraction 
limble in the beaker (See section 5.1.1L Tbe 
lass frft  of the module rhould be in the up 
orition. Uivrg a Teflon rqutett battie 
ontaining toluene. flush the -2 into the 
aimble onto the bed of cltmtd r i l i u  gel 
'homughly rkse the glasr module amhhg 
he rinsings in 2lu beaker tontainiq the 
hiruble. Lf *be rerb u wcf c f l tdv8  
xhction can be accomplished by loosely 
rackmg the min in the thimble. Add the 
LAD-Z g1aa.e wool plug into the thimble. 

5.1.4 CoatsFnu No. 2 (Acetone urd 
dclbylenc Chloride). Conaatrntc rho umpls 
o a volume of about 1 4  ml wiq tbc rotary 
tva;>arator apparatu. at I temperature of 
css ban 37 'C RiGK the rample container 
k c  timer with r m d  partioar of rnethylene 
Yoride and add these to the wnecnmted 
iolutioo and concentate hvther to a e u  
kyncsr. 'Ihir residue wontah particulate 
aatter removed in !.he rinse of the trpin pmbc 
md n d e .  Add the conccnsatc to the a te r  
md the XAD-2 resin in the Saxhlct appimtw 
inu-ibcd in seaion 3.1.1. 
S.15 Extmctior~ Add 100 pl of tbc . 

n l c d  standard solution (Section 1320) to 
he txbactfon thimble containing the 
:ontents of the adsarbent m d g c ,  ?he 
monlenti of Container No. 1. and the 
xcrncentro te from rec3on 5.1.4. Cbver the 
contcfitm of b e  exsac3on thimble with the 
derotd dair  woo1 plug to prwcnt the XAD- 
2 resin from floating into the mlvirrt memoir 
D f  the extractor. Place the thrmble h the 
extractor, cnd add the toluene contained in 
the beaker to the solvent rrrenrair. Pour 
additional toluene to !iIl t h e  mcscrvoir 
rppmxim ttly 2/3 full. Add Teflon boiling 
ehipr and assemble the apparatus. Adfaut the 
heat rourca to cause the extractor to cyde 
t h e  timer per hour. Exma the sample for 
16 hours. Mter extraction iUow the Soxhlct 
to cool. Transfer the toluene extract md 
h e  Ibml rinser to the rotary evaporator. 
Concentrate the extract to rpproximateiy 10 
m l  At thir point the analyst may chooae to 
aplit the ramplc in half. If LO. rplit the sample. 
rtore 0 t h  haIf far futun use. and ULllyzr the 
other rccordi?g to Lht pmctdurtr in sections 
i S  and 53. ki either a r c .  use a nitmgcn 
evaporative concentrator to reduec the 
volume of the sample being malped  to near 
drynerr. Dissolve the residue in 5 ml of 
hexanc. 

5.1.6 Container No. 3 (Toluene W e ) .  
Add loo 4 of the Internal S t a n d 4  roiution 
(rection SJS). to the contcntr a! the 
container. Gncentrats the ramplc to I 

volume of about 1-5 ml uruq th rotary 
evaporator r p p u a n u  at  a ttmpemhm of leis 
thhan 31 'C Rinse the rlmpIe contminer 

k c  the sample concaner thircc times with 
i m d  portlona of toluene m d  add these to the 
cancentrated ~ ~ l u t r o o  u i d  conctntnte fwther 
to near m e s a .  A n a l p e  t h e  extract 
reparateiy accordhg to the pmcedams in 
accbocu 5 2  and 5.3, but conctntmte the 
JOhInOn in a mtaq evaporator appuatus 
tpther thon I n i b g e n  evapxative 
tonrentrator. 

appar8hrr A t  ttElpeMhsrr Of h S  &h.n 37 'c. 

U Sample Cleanup Lad Frrcb'onatioe 
521 Sdica Gel 6 1 -  Park one end of a 

Jaar colump m rum x 230 mm with glars 
WOOL Add in sequence. z g r i l i u  gel, 2 8 of 
sodium hydroxide i m p x p a t e d  rilim gel  1 g 
shca gel 4 g of acid-moLitd silica gcL md 1 
8 of rhea gel. Wash tke column with 30 ml of 
hcxane and discard it Add the samFlc 
extract dissolved UI 5 ml of hexane to Lhc 
column with t w o  additional 5-ml rinses. EIutr 
the c o l m  wi:h an rddidcnal80 ml of 
hexant and retain the mtirc eluate. 
Concentrate this solution tn a volume OI 
.bout 1 d urhq the aitrvgcn wapurative 
concentrator (section U . 7 ) .  

5 2 2  Bark hl&a Column Shorlrn 8 
25-d disposable Parteur pipette to about 10 
mL Pa& tbc lower rection with glass wool 
and 12 g of basic dun in^. TnrPsfer the 
wnceatrstcd extract from the silica gel 
coIum to the top of the basic alumina 
column and elute Lhc column rcquentially 
with 120 ml of Qs pexcnt mcthyleoe chloride 
in bcxnnt followed by ml of 35 percent 
methylene chloride In hexme. I)ireard the 
bt ¶a d of eluate. Called the r w n d  
ml of eluate m d  coactnmtte it to about Qs d 
ushq the aitmgtn evaporative concentrator. 
599 AX-= Cubon/Celitt 545 Column 

Remove the batton 0 5  h b m  the tip of a 0. 
ml disposable Partcur pipette. b e r t  a glarr 
f iber fiter dirk in the top of the pipette 25 cm 
h r n  the constriction Add rufficicnt carbon/ 
eli te mixture to f o r p  8 2 a n  column Top 
with a glarr woo1 plug. b , o m  cllacr AX-21 
d o  hntr may wash through the plair 
wool plug and eater the sample. This may be 
prevented by ad- I celitc plug to &e exit 
end of the column Rinse b e  column fn 

ethyl acctntr 1 ml of SO putcnt methylmc 
chloride in eyclohcxane. m d  2 tpl of hexane. 
D i d  &are rinres. Transfer the 
comeatrate in I ml of htxune brn the basic 
dumb cohcnn to the ch'bon/celite wluran 
dong with I ml of hexanc h e .  Elute the 
coIumn requrntiaUy with 2 d of 30 pcrccnt 
m e t h y h e  chloride in baxane rnd t ml of SO 
percent benzene in ethyl acetate m d  discard 
these eluates. Invert tbc column ~d elute ia 
the mvcnc direction with 13 d of toluene. 
CoIlect this eluate. Concentrate the eluate h 
a rnco.7 evaporator at 50 'C to about t d. 
Transfer tbc concentrate to a Reitti-vid 
using I toluene r b e  -6 cooctnble to I 
volume of ux1 pI using I stream of &. Store 
cxmcts  at mom trmperahm, rhieIdtd from 
hght until the analysis is performed 

5.3 Analysis. h a l > x c  the rample with a 
gar chromatograph coupled to a mars 
specmrneter (CC/MS)  using the tastmmental 
paranetera in rect~ons 5.3.1 and S 3 L  
lmrnedtrtely prior to analysis. add 20 pl 

lcquurcc with 2 ml of 50 perctnt be- in 

aliquol of the Recovery Standud d u t i o n  
fmn fable ! to c a d  sample. A 2 
the extract is injectdinto the CC Sample 
extmcs  are f int  analyzed udng the D%S 
capillary column to determine the 
concentration of tach lromer of m D ' s  and 
PCDT'r (tetra-through octa-1. K tctm- 
chlorinated drberuofuam ~vt dtttcttd Ln 
t h i n  aaalysis. then anaI3-e another aliquot of 
the maple  In a rcparate ran. using the DB- 
225 cdum3 to measure the 23.7.8 tclrachloto 
dibtnrofuran ironer. Othcr eolumn system 
may be used provided that the user is able toe 
demonc*rrtt urtng calibration and 
performance checks that the cohmrn system 
u able !o meet the ape&cationr of section 
& l a  

5.3.1 Gas Chuomatograpb Operating 
C o d i t i O T U .  
53.1.1 Injector. C o f i p c d  for capillary 

c0lum-r splitlesr. 2Jo'C. 
33.12 Carrier Gal. Heliwm, 1-2 ml/ntin 
53.1.3 Oven htial ly  at ISO'C Raise by 

I !  least so'C/min to 19O'C and then c: 3.C/ 
mfn up to xK)-c 
332 Resolution MA spcrromctcr. 
W I  Rerolutio~ loQ00 m/6 
5 3 2  f o b  tion Mode. EIectmn impact 
5323 Some fempcratrur 2511.C 
5 3 2 4  Monitoring Mode. Selected ion 

monitoring. A list of the variour  OM to be 
monitored ir summandcd in Table 3. 

53.25 Identification C r i t e n r  The 
f o l l o w  idcarification aitcrir shl l  be used 
for the characterization of polychlorinated 
dibmzodioxinr and dibuuofuma. 

1. Tbc integrated ion-abundance mtio (?d/ 
M + 2  or M+Z/M+4) shall be Withip15 
percent of tbe tbcontid vduc. The 
amptable ion-abundance mtio ranges for 
the idenmu tiw oZ chIorineux~triaing 
wmpoundr are given kr Table 4 

be &&in 3 seconds of the comspondhg 
8' Glabelcd iatcrnd r t a n d d  SVP te or 
alternate a t a d d .  + 

a given mafyte, r b d  teach their maximum 
within 2 seoondr of each other. 

4 The identification of rpadfic bornera 
that do not have corrcsponduq Is C-labeled 
standdm ir done by comparison of the 
nlrtive ltterrtion time (RRT) of the d y t e  to 
the ntarrst fnternal rt&ndud retention time 
with nfcmncc (i.c.. within 0.00s RRT d ! a ]  to 
the comparible RRTr found h the w n ~ ~  

aliquot of 

. 

2 The mention time for the uulyter must 

3. The monitored ions. shown in Table 3 for 

S3L6 Qurntffiution T h e  peak amii for 
the two ions monitomd for c a d  mdytc M 
runscd to yield the total rrspame for each . a n a l p .  Each internal rtandard ir used to 
qurn!& the indigenour PCDD'r or PCDFi in 
its homologous series. For exsmplc the 
8s C 1~23.7,tbtetra chlorinated dibtaxzodioxin 
L used to cakulatc the concentrrtionr of d 
other teba chlorinated frorntn. Recoveries of 
the tetra- and pent.. internal rtandudr w 

I 
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calculared uring the 1' C ,r;.23.&TCDD. 
Rccovcms of the hem- through octa- mtecal  
rtandiirdi are uiculared u s e  I' C IY- 

1,23.:.0.9-HxCDD. Rccovcnes of the 
rurtogate standards am calcdated using the 
comspondmg bomolog h m  the internal 
standard. 

tl Cdibmt!bn 
Same as hfethtx! 5 with the fullowing 

additlons. 
0.1 GClMS Sygtem. 
8.1.1 lniual Calibration Calibrate the GC/ 

MS system using h e  met of five standards 
shown in Table 2 The relative standard 
dtviabon for the m e m  response factor h a  
each of the unlabeled analytc3 (Table 2) and 
of the internal. surrogate. and elternate 
standards shall be less than or equal lo the 
value3 m Table 5. The signal to noise ratio for 
the CC signal present in every selected ion 
m n t  profdc shall be grtatcr than or equal 
to 2 5 .  The ion abundance ratios shall be 
within the control limih in Table 4. 

6.12 Daily Performance Check 
8.1.2.1 Colibranon Check. Inject on pl of 

rolution Number 3 barn Table 2. Calculate 
the relative response lactor for tach 
compound and corngare each RRF to &t 
carrespanding mean RRF obtained during the 
initial calibration. The analyzer performance 
is acceptable if the rneasurtd W r  for the 
labeled and unlabeled compounh for the 
daily run are within the b i b  of the mean 
values shown in Table 5. In addition the ion- 
abundance ratios shalt be within the 
allowable control buts  shown in TabIr 4. 

6.122 C o k m  Sepan tion C h e c k  inject 
rolution of a mixture of P(=DI3'r and PCDFs 
that documents resolution between 23.7.b 
TCDD and other TCDD bomen. Resolution is 
defined as a valley between peaks that ia less 
than 25 percent of the lower of the two peaks. 
Identify and record the mtaation time 
windows for each homologow series. 

Perform similar resolution check on the 
confirmation column to document the 
reso!ution between 23.7.8 TCOF and o&er 
TCDF isomen. 

6.2 Lock Chmnols. Set mats spectrometer 
10ck channels as specified in Table 3. Monitor 
the quality control check channels specified 
m Table 3 to vedy tnrtrument rtabiliv 
during the analysis. 
7. Quality ContruI 

7.1 Sampling Train Collection Effidcncy 
Check. Add 100 pi of the rumgate standards 
in Table 1 to the absorbent eamidge of tach 
bain before collecting the field sampler. 

7 2  Internal Standard Percent Recoveries. 
A group of nine a r b o n  labeled PCDD'r md 
FCDF'r representing. the tetra-throug!! 
octachlorinatcd homologuts. is added to 
every sample prior to extraction. The role of 
the iuternal standards is to quantify the 
native PCDD'r m d  PCDF8 present in the 
sample as well as to determine the overall 
method efficiency. Recoveries of the iute.ml 
rtandards nut be between +O to 150 percent 
far the tetra-through hcxachlorinated . 

compounds while the range ii 25 to 130 
percent for the hghef hepta- and 
octachlorinated homologucs. 
7.3 Surrogate Rccovc;iet. The five 

aurropate compounds in Table 2 are added to . 

Lhe resin in the adsorbent aarnpliag 
befort the sample ts coltectcd. The ramgate 
recoveries are rnea9urtd relative to tbe 
internal standards and are a meesm of 
callcctlon cficrency. They are not used to 
measure natlve FCDD'r and PCDFL All 
mcovenes shall be between YO and 130 
p e x c n t  Poor recovenes for a11 the rumgabs 
may be an indication of breakthrough in the 
aampimg train. Lf the recovery of all 
rtandards is below 70 percent the Jamp~ing 
runs must be repeated. h an  alternative. the 
rempling runs do not have to be repeated if 
the final results are divided by the fraction of 
rumrgate recovery. Poor recoveria of ' 

irc!atcd surrogate compounds ahodd not be 
grounds for mjecung an entire set of the 
samples. 

7.4 Toluene QA Rinse. Repart ?he mults 
of the toluene Qh rinse reparateiy h m  the 
total rarnple catch. Do not add it to !he total 
rampk 
& Quality Assumncc 
3.1 Appiicability. When the method is 

used to analyze ramples to demonstmte 
compliance with a iource cmiision 
regaletion. an audit sample must be analyzed, 
subject to availability. 

6 2  Audit Roccdurt. AnaIpc an audit 
aamplc with each set of compliance sampler. 
T h e  audit Jample contains tetra through octa 
isomerr of PCDD and PUIF.  C o n m t l y .  
analpc the audit sample and u set of 
cornpkancr samples in the sane mimet to 
cvalua te the technique of the analyst and the 
standards preparath.  The mrne d y 8 t  
analytical reagents. and analytical system 
rhaU be used both for the compliance 
samples m d  the EPA audit sample. 
.a3 Audit Sample Availability. AQdit 

umplcs will be rupplied only to enfmmcnt 
mgeneies €or compliance tests. Tbt 
wailability of audit~aampIcr may be obtained 
by writmg: Source Test Audit Coordioator 
(MD-77BJ. Quality h s u r a n c r  Divisiop 
A&,osphc,ic Researcb and Exposure 
Pusemnent bboratory. U.S. Environmental 
Pmtection Agency, Research Triangle Fa& 
NC 21nf. or by caw the Solvet Test Audit 
Coordinator (STAC) at 1019) 541-tS31.Tht 
request for the audit sample must be made a t  
lerit 30 days prior to the scheduled 
compljanee ramplc analysis. 

sample concenhtion according to tbt 
dculation procedure described in the audit 
i n s t r u c t i o ~ ~  in:luded with the audit ramplc. 
Fill in the audit rample concentration and the 
analyst's name on the audit response form 
included with the audit ins~ctioru. Scnd 
one copy to the EPA Regional O&ce or the 
qpropriate enforcement agency and I 
recond copy to the STAC. The EPA Re@ond 
offrce or the appropriate enforcemmt agcney 
will report the results of the audit to the 
Iabomtory being audited. Include this 
response with the nsulb  of &t coomplirzlw 
samples in relevant reports to the =A 
Regional O a c c  or the appropriate 
enfarcement agency. 

. 

8.4 Audt Resdta. Cakdate the audit 

9. carc~r~tions 
Sane  ns Method 5. section 6 with tht 

9.1 Nomendame. 
following additions. 
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&,= lntcgrattd ion n v h n t  of the noise at 
the retention time af rhc anrlytr 

A',=Inttgrated ion c u n n t  of the two ions 
chatactenstic of the in:cwI standard i 
in the calibration standard. . 

&=Integrated i o d m n t  of b e  two ions 
chamcteristic of compound i in the jth 
calibration standard 

A',=lIltepted ion m n t  of the two 
ions characteristic of the internal , 

standard i in the jth ulibmtion atandub 
&=hteEprtrd ioo current of the two ions 

characteristic of rurrogate compound i in 
the calibtr tion rtandarb 

characteristic a€ cornpocnd i in the 
nrnple. 

A',-IntegreLed ion cvrcnt of the two ions 
characteristic of internal standard i in 
the sample. 

&= krtegratcd ion e u m n t  of the two ions 
characteristic of the recovery standard. 

&=lntqrated ion v n t  of the two ions 
characteristic of aurrogate compound i in 
the sample+ 

+Concentration of #J)D or PCDFi in 
the rample. pg/M I. 

+=Total cancentration of PCDD'r or 
#=DFr in tke sample, pg/M I. 

-=Mass of compound i ia the calibration 
standard injected into the e e r .  p8. 

m,=Mass of rcwvtry rtandud in the 
calibration standard injected into the 
malyrcr. pg. 

.&=Mass of s-ate compaund i fn the 
calibration standard. pg. 

RRF,=Relativr m p m e  factor. 
RRF,=Recavery rtandard mponse factor. 
R R F , = S m a t t  mmpamd WPM 

92 Avenge Relative Response FaTtor. 

&=Integrated ion cumnt of the two ions 

fador. 

0.3 Chncrntration of the D D s  md 
XDFk 

4 9  23-2 

9.4 Recovery Staadard Response Factor. 

9.5 Recovery of Intun4 Stlndudr (R') 

9.6 Sumgate Compound Response 
Fretor. 
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355.054 
357.8516 - 
375.&3%4 
a . 7 9 7 4  
3236ma 
375.8171 
383.0639 
365.b610 
389.8 157 
391.6127 
3929760 

339.8597 

3ti9.m D 

h t y F v  

LOCK 
u 
M + 2  
M 
M +2 
u 
-2 
M 
ac 
M 
M + 2  
M+2 - 
LLql 

+2 
M 4  
M+2 
M+1 
U+2 
M+4 
u+2 
M + 2  
-0 
M 4  
M 
M+2 
M + Z  * 
LOCK 

I 

I 
I 

I 
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6 M+2/ 
M4-4 

0' WM+2 
7' M/M+2 
7 M42/ 

0 M+U 
M + 4 ,  

M+4 

4 

324 3.05 
031 0.43 
O M  0.37 

llw om 
049 0.78 

-- ~~~ 

M + 2  
M + 4  
M+4 
a2 
M + 2  
U+4 
u 
M+2 
M+2 
M + 4  
M+2 
M + 4  * 

M + 4  
LOCK 
M+2 
u+4 
U+2 
M+4 
U+2 
M+4 
u+4 oc 

TABLE ~.-AOCEFTABLE RANGES FOR ION- 
- ABUNDANCE RAnos OF -0's AND 

PCDfs 

049 

1 .- 
1.43 
0.50 
031 

1#) 

t.02 - 

TABLE 5.--MINlMUM REQUIREMENTS FOR 
hmAL AND DAILY -BRATION RE- 
SP~NSEFACTORS 

25 
25 

2s 

25 

25 

25 

25 

* 2 5  

25 

25 

25 

25 

25 

25 
25 
30 

2s 

30 

2s 
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21.3 h p i n g t n ,  Four UrnJ mi-! 
impwen wth I e J - f r e e  gtaw mdnnrctorr. 
Silicone F u s e  may be wed. if nccrrruy. to 
ptwtnt leakage. For rampling at hi& 
moistute ~ourccr or for sacl$utg tinnrr 
w a t e r  than I hour. r mfdget i m p w r  With a 
rhorttntd i tem (ruch that the gar . u n p l t  
doel not bubble thmugh the collected 
condensate] should be used in front af the 
h t  impmger. 

21.4 Dq6h.g Tube or Impiager. Tube or 
Lmpinger. of Mae West design filled With b 
to Ismesh indicating type rilica g e l o r  
quivalcnt to dry the gas ramplc utd ta 
protect the dry gas meter and pump U the 
riliea get has been wed previourly, dtry at 175 
"C (350 .F] for 2 h o w  New s i l i u  3d may be 
used as mceivcb Aitematively. o h  typer 
of desiccants (equivalent or better) may be 
used. 

21.5 Filter. A S m m  Tenon m a t  Pdflex 
TXXX-WS or equivalent b u t t e  between the 
pmbe h e r  m d  Teflon elbow in a glrrr or 
quartz ater  holder-in a filter box h u t e d  to 
250 'F. 

~ 1 . 0  Sample Line. Leek-he, with 
mmpstibie fit=ings to connect the trt 
impiqcr to the ncedle v d v c  
21.7 Rate Meter. Rotameter. or 

equivalent capable of meaauriag fl- rate ta 
uithfn 2 penxnt of the reltctrd ff ow mte of 2 
litenlmin 
2ld Rvgc Pump. Fkrgc Lint. Drging 

Tube. Needle Vdvt ,  and Rate Meter. Pump 
capable of p w  the rsmphg pmbe at 2 

gel or equivalent to pmtcct pucp. UIid a rate 
meter capable of meas- 0 to 5 l i ~rr /mia  

219 Stopcock Grtare, Valve, Pump. 
Volume Meter, Bamrnttcr. and Vacuum 

Litt.lrjmip with tiq4.q tube, filled 4 t h  riliu 

Same u tn Method 8, Sectiop. 21.4 
21.7, z1a 2t.10.2Ltl. and 21.12. 
U Sample Recovery. 
~1 Wash Bottler. Polyethylene oc 3ark 

mml or lager. two. 
W Storage Bottler. IahmI glau.  with , 

Tefhn-lined lids. to store impingtr runplcr - 
[two per ~ a m p l u q  run). Durrng dcan-np. the 
tWo k n t  hpinger con!enb (a1 N &SO,) 
kould be combined. me coatentr of the two 
rear impeer  (0.1 K NoOHJ may be 
dircardrd 41 there roluSonm (ut f i d d  
d y  to abaorb CL. md &UJ protect tbs 
pump. 
U Sample Prepara!ion and Antlyrfr Thr 

satcrialr required for v o l u m e ~ c  dilution and 

iesc ibtd  below. 

lizt. 
231 Volumetric Pipets. Class A. 

lsrortmcnt To dilute iampltr hto the 
dibration range of the inrtmmsnt 
233 Ion Chromatograph Suppmrred or 

ionsuppressed with a conductivity dtttdor 

h m a t O m p f 3 i C  UldySh Of I m P l t 8  8 M  

23.1 V d U k i C  sass A 1- 

mad electronic integrator operating in the 
perk aRe mode. Other detccron. rfriip chart 
mcorden. and peak betght measummcntr 
may be used provided rhc 5 perrent 
rtpcatability Criteria for a m p l e  anaIyrir and 
the Liaearity citeria for the calibration w e  
ckir be m e t  . 
3. Reagenfs 

Unlerr o h e m i r e  indiceted. all rtagcntr 
must conform to the rpecificationr 
established by the Committee on Analytid 
Reagents of the h e r i u n  C h c m i d  Society 
(ACS magent grade). When ruch 
rpscrficatiorrr m not available. the best 
wadable grade rhaU be used. 

3.1. Samphg .  
3.1.1 Water. Deionized distilled water 

that conforms to 
n. Type Z 

Acid (HtS0.1. To prepart 100 ml of the 
rbrorbhg rolution for the front impinger pair. 
8lOWty add 0.28 d of concentrated &SO, to 
about 90 ml of water while rtmmg, and 
d j u r t  the hnal voiume to 1bo d wing 
mdditiod water. Shake well to mix the 
mlution. 

X1.3. Chlorine Scrubber Solutioa. 0.1 N 
sodium Hydroxide (NaOK). To prepart 100 
xu! of the rcntbbcr mlution for the back pair 

about #) ml of water. and adjust the final 
mlutlon volume to 100 ml using additional 
water. Shake well to mix the solutioa 
32 b p l c  kcparation and h d y t u .  
3 1 1  Water. Same a# in W o n  3.1.1 
322 BIank Solutioa- A aepuate blank 

wlution of the absorbing reagent rhauld be 
pmpand for lnalyrir with the field wnpler. 
Dilute 30 ml of abrorbing rolution to 100 ml 
with water in I wqmmtc Volumetric flnrk 

%23 Sodium Chloride ma(=l) Stack 
Standard Solutiaa. Saiutioar containing I 

* nomlnrl certified erraceneation O€YGUI rq/l  
are commercially available an convenient 
stock rolutions fmm-wbith workmg 
rtandardr  fa^^ be made by appropriate 
vohmetric diludon Alternately. concentrated 
stock rolutionr may be produced h r n  
magent pade  NaCL The NeC! rbould be 
dried d 100 'C for 2 or mom h o w  md cooled 

h e d i a t e l y  before weighing. Acmmtely 
neigh 3.8 to 1.7 g of the dried NaCl to within 
0.1 mg, dissolve tn water. and dilute ta t her. 
The exact Cl concentratio3 curt bt ulculrtcd 
using Eq. 28-1. 

pg U-/d - g o? NaC1 X C O ~ X ~ S . ~ ~ / S L C ~  

Specification 0 1193- 

3.12 h b r o r b a  solution 0.1 N Sulfuric 

-of Imptngen. disiolve g of rolid NaOH fn 

' to r w m  tempetntum tn a dcricutar 

Q. 28-1 

Refrigerate the stock standard mlution and 
store no longer than 1 month 

4. h?cedurt 
4.1 Sampling. 
4 . U  Preparetion of Collection T m h  

h p u +  the rampling train .I fullowr Pour 13 
mI of the abrorbing ~olutioa into each of the 
firrt two impiqerr, and add IS ml of 
m b k r  solution to the third md fourth 
impinget.. Conned the tapiqerr in aeries 
with the knockout impinger h t  followed by 
the two impingem mntainirq rbrorbing 
wlution and the two containing the scrubber 
rolution. Place I &fib & a g e  of ram 8 4  or 
cpuivalenf &I tbe drymg tube or hhr West 
fmpinger. 

the probe and thrtt-way rtopcock befon 
inserting the probe into the ruck Connect 
tbc rtopcock to the outlet of the probe, t n d  
connect the raxapt line to the n d e  valve. 
Plug the pmbc inlet turn on the JU@~ pump. 
and puil a vacuum of at least 250 ~pm IQ (10 
fa H& Turn off the needle valve and note 

should remain rtable for at lcrrt 30 aetonds. 
Piace the probe in the stack at the wnpling 
loution. m d  adjust the probe md stopcock 

4.12 (Cak.Check_Ptocedur+r. LeJr-Chcck 

the V a C l J U  84Wt r+&dmg. T h e  VlCUUm 

c. .  # of NUCI x 10% 35.453 
-= 

58U mf 

Eq. 26=1 

Refigcrate the stock standard solution and 
rtorr no longer than I month 

3 ~ 4  Chmmrtagrepbic Eluent Effective 
cluenl for nonsuppnrstd IC PI@ a win- or 
dice-based weak ion exchange column we a 
I m!! potarrium hydrugen phthatatc ro lut io~  
adjusted to pH 4.0 us- I saturated sodium 
bomt rolutioh and a I mM chydmxy 
benzoate rolutioa adjusted to pH 8.6 using 1 
N NaOH hn effective rfurnt for rupprtsred 
ion chmatography is a rolution contadrig 3 
mM sodium biurbonatt and 2 4  mM sodium 

. 

! 

L 

I 
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farbonate. Other d h t c  ~ O ~ U ! I O M  M e r e d  to 
a rimjlar pH and a n t l ~ p m g  no mtcrLring 
ions may be w d .  When ulng rupprrsrcd 
ion chmrr.atogaphy. if the "water dip" 
r e d t m g  h m  u m p l t  mjectron mtrrferer 
with b e  & l o d e  peak. ure 4 2 mM NeOHl24 
m !  rodurn bicubanate eluent. 

4. Procedure 
1.1 SampLlDg. 
1.1.1 Reparation of Cdection Train 

Prepare the samplrng tram 01 fdows: Paur IS 
d of t!!e rborbuq roiution into s a d  of the 
f h t  hvo tmpingem. m d  add IS ml d 
rcrubbtr solution to the third and fourth 
impingem. Connect the impingem fn series 
wth the knockout impingrr h t  followed by 
the t w o  impingen contaming abrorbing 
solution and the two containing the scrubber 
iolution. Place a frerh charge of d i c a  gel or 
cquivnlenf in the d r y q  tube or M a e  West 
impinger. 

4 . ~ 2  IaakUiedc k c d u m a .  Leukcbeck 
the pmbc and three-way r t o p c d  before 
irucrtrng the probe into the stack Conned 
the rtopcock to the outlet of tbt probe. and 
connect the aamplr limr to rba n& V ~ V L  

and pa a vacuum of at t a r t  250 mm Wg (10 
in. Hg). Turn of€ the needle valve  a d  note 
the vacuum gauge reeding. The U l N U m  
ihould maam rtable for at Icast 30 seconds. 
Place the pmbc in the rtack at  the r~mpknS 
Ioca t io~  and idjust the p b c  and mtapcocL. 
heating system to a temperature ruffiaent to 
pnvent water condensation. Connect the b t  
impinger to the stopcock and wnneet the 
rompic line to the last impiqer and tbs 
needle vdvt. Upon completion of a rampling 
nm nmovc the probe born the stack md 
Icakshcck as described above. If a leak har 
ocrufitd the rumpling ~ l t  must be voided 
Alternately, tbe p e o n  of the tmin bchtnd 
b e  probe may be leakchecked bemeen 
multipt  na.aa at the a w e  rite 81 follows 
Clare the ctopcock b the h t  Lmpinger (see 
Figw 1A of Figure 26-1). and turn an the 
rampling 9 - q .  Fall a vamurn of at least ZSO 
utm Hg. turn off the needle valve, md note 
the vaevLLm gauge rcsding. phe vacuum 
rhould remain itable for at h i t  30 rccondr. 
Release the m~n;rm on the impinget t d n  by 
hrrninFf the rropfodr to the v m  positfrrn to 
permit ambient air tu mter [see figum 1B of 
Fipre -2). J f  thir pmccdum is used the full 
train IeJC-chcck described a b v r  =rut be 
conducted following the W IDZL, .nd dl 
precedtng samphg m u  muit be voided if a 
leak har o c w e b  
1.1.3 Purge Procedure. Immediately befor; 

rampling. comect the purge line to the 
rtopcock. and turn the Jtopcock to permit the 
purse p w p  to purge the probe (see Figure 1A 
of Figure 26-1). Tim on the purge pump. and 
adjust the p q a  ride to 2 litcn/mh Purge for 
at least S minutes %fore sampling. 

4.1.4 Sample Collccion. Turn on the 
romplir..~ ptrmp, pull a slight vacuum of 
mpproxhately 25 mm Hg (I in Hg) on the 
impinger train. and turn the rtopcock to 
permit stack gar to b5 pul!ed through the 
impinger train (see Figure 1C of Figure 264) .  
Adjust the sampling rate to 2 btcn/&. am 
indicated by the rate meter. and maintain thh 
rate to within 10 percent during the entire 
rampiing run. Take readings of the dry gar 

Plug tbc pmbe idec hrro an the mmph p p .  

' 

meter v o h t  and ternperrraur, rate mrla. 
and vacuum 8 u g e  8; Itan axice 
mpIurcs ctprine thc rn A .ampling-dl 
hour ir rtcommmded. Shorter umplbq 
may introduce a riEpuficant n e p h b h 8  h 
the Ha concentration. At the cmdtmm - of 
the ranpltag nin remove tbc b ~ m  fiuw the 
stack cool. and perform a Ienk4eck u 
dcrmbed in rsctioa 4.U 

impiqerr rher ramplirrg. -titr6vdy 
transfer the contents of the 6mt W 
fmpingtn [the knockout impinga md the 

' 

t w o  absorbing rolution impingerr) to a Id- 
h e  s m g r  battle Md the -*- of 
each of thew impingem and cam- 
dasswlvt to the itorage bottle. The arntmtr 
of the scrubber Mpmgcn and roan- 
glasswz~t rinses may be discarded Ibc 
rcrmpte bottle ahodd be a d d  .heLm ta 
mix. and labered The nuid irvcl &odd be 
marked ro tbat if any rample in foit k i n g  
mnsporf a cormctim p i o p a r t i d  to h e  lcnt 
vdumc am be ayplicb 

OCCL rho liquid level in each ramplc. rad 
determine if any sample was lor! d d q  ' 
shipment 12 noticesblc amount d leakage 
baa 0-d. the volume lost 
detefmintd born the dBerence betwsm the 
fnitial and End rolution levels. and this *rluc 
a be used to currect he urrtytical muh 
Quantitatively trusfer the sample &an ta 
a 10crd valumetric nark d a u t r  &a 
rozution to ZOO d with mtn. 

* 4.4 Sample h d y r f r .  
4.4.1 T he IC conditions will deptnd upoa 

analytical coh.mn type md whether 
mpprtaaed or noosupprecsrcd IC ir used. An 
example chmmatogrPm frum a 
nonsupprersrd system wing a 1- . 
W t o n  PXP-X1#1 mion calumn, a *. 3, 
l/min now rote of a 4 ra'ui chydrmry 

4.2 Sumplc Recovery. DLcomed tbe '. 

. 

4 3  Samp!e Atparation Eor 

k * . 

beruoate solation adjusted to pH of lb 
' 

using f N NaOK 8 50 4 a m p l e  Iwp rndr 
conductivity detector set an 1D b9 d 
b shown h r m 2 b Z .  

mtable baseline. Ncxf hjed  8 m q k  d 
water. m d  determine ii m y  Cl' .ppurr i 
the ehmmatugrun. If CI- i. men; =pat 
the lood/hjcction procedure until no Ct k' 
plrsent At Wr poinf the iarmuaad ir rudy 
for use. 

4.1.3 Pint inject the calibration standardr . 
covering an appropriate concurtration w e ,  
a t w  with the lowest concco&atiou 
rtandard, Next inject in duplicate, a QC 
rample followed by a water blank and tbe 
6tld ramples. Finally. =?eat the injecfiolr of 
ulibrrtion standards to aUow campewtion 
fur m y  drift ln the instnment d u i q  analysis 
of the field rumples. Mearun the CI' peak 
mrea8 or heights of the rampkr. t h e  tbe 
average response from the duplicate 
injections to determine the field rample 
concentration3 uring a linear dibmtiorr 
m e  generated h r n  tbc rtandards. 

- 

be analyrcd. subject to availability. 

4.42 Bdcm $ample m a h i s ,  estabbh , 

. 

- 

4.5 Audit hnalysir. Am audit ramptc must 

7 P u -  

1.957 

. .  . . r  . .  
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llculate a fomuia  describing the resulting 
near e w e .  

Quality Assumnce 

8.1 Applicability. When the method ir 
icd to analyze rxnpier to dcmonrtmtc 
3mpliancc wIth a iowcc tmisrion 
:gulation a act of Wo audit samples must be 
nal>~ed.  
8.2 Audit Procedure. T h e  audit ramplc uz 

iloride rolutions. Concumntly mafyte the 
Y W  au&t samples and a set of compliarrce 
imples in Lht ramc manner to rvafuatc the 
:ctraique of the lnalyrt and the rtradudr 
nparrtion The same malyrt Uralyticpl 
:agents. and analytical system rhru be used 
0th for compliance rampleu and the m.4 
u d t  sam;rler. If this concfition is met. 
uClting the rubsequent compliance analyses 
)c the same enforcement agency Within 30 
ays tr not required. Pm audit sample K t  may 
ot be used to vaiidate differrnt Set8 of 
ompliancc sampler under the jurisdiction of 
iffe=nt enforcerneat agencies. unless prior 
rrangtmcnts an made with both 
doreement agencies. 
6.3 Audit Sample Availability. I b c  audit 
amplea may be obtained by Wriw or 
a l b g  the EPA Regionnl Ofice or the 
pprupriatt enforcement agency. The rrqutrt 
jr the audit sampler m u t  be made at ltrst 
3 dayr prior to the scheduled compliance 
m3le analyses. 
8.4 Audit Results. Calculate the 

m=en!rations & mgfdsen using !he 
9ecficd ample  volume in the audit 
UtruCtiOClS. 

h'ots hdicatioa of acceptable results may 
e obtained ImtnecLately by reporting the 
edit rrrulte in mgf dscm m d  wmpbrnce 
!rdts in total pg HC1/ sample to the 
!rponrible tnfomment qency. Include the 
rrultr of both audit rampies. their 
htification numberr. and the malyat'r 
ame with the rtsultr of the compliance 
etcrminetion sampler in appropriate report, 
> the EF'A Regional Office or the appropriate 
dorcement agency. Include t h i a  information 
,ith rubsequent analper for the same 
nforcement agency t-dq the 3 o - d ~ ~  period 
The concentrations of the audit ramplei 

btained by the analyrt shall a p e  within I 0  
cnent uf the actual concentrations. If the 10 
ercent specification ir'not met rrualyzr 
he mmplience sarnp!er m d  audit sampler, 
nd include inidaI and nanalytir values in 
he test n p o r l  

Failure to meet the zo percent r p d i u t i o n  
may r e q S t  rttcrtr unlil the audit p b i e m s  
arc rrralved. However. tf the audit m d t r  do 
hot affect the tompliancr w noneompliancc 
rtatw of the affected fadlity. the 
AAminirtrator may wdvc the mandysb 
requirrrnenf further audits.. at &ul* and 
accept the results of the urmptilner mt 
While rtcpr am bchg hkcn to resolve audit 
analyris pmblerar the Administmt~r may 
also choose to we the data ta dcttrmine the 
compIiancc or noncompliance r t a b  of tJae 
d u t e d  hdlity. 
7. Caidatitms 
&rain at leust oak or- dectrmt Jigwe 

beyond those contained In the avlitblc data 
in inttrmtdiatc d d a t i o ~ r  d d ofX 
only the hnal .zuwer appropriately. 

7.1 Sample Volumc DrJr Bark Cormdad 
ta Standard Conditioar. Calculate the urnpic 
voIume 

7 2  Total pg HQ Per Spmplc 
Eq. 6 1  of Method 8. 

Y 
rq c- - v* 

where: 
C L Concentration of HCL dry buis. mgf 

d.cm 
K = lU'-/pg. 
zn I of HCI Ln sample. 
V - u  I DTY gae volume mearured by the 

dty gas meter. corrected to rt.nd.rd 
conditiotk& 

a Biblirgrqphy 
L SteLrubegcr, SC mnd I=€?- Margmoa 

l r t n m t o y  and Field EvduiUon of a 
Methodology €or Determination of Hydmpn 
Chloride Emirsianr from Municipal aad 

Appendix A ( A x a d 4  

.mended by adding pamgxaphr 43 and S.4 u 
follows: Method 19-Determbtian of Sulfut 
Dioxide Removal effdrny md PPrticulate 
Matter, Sulfur Dioxide. aud Nitmgen W d e r  
Emission Rater 

3.Method 19 of rppcodix A p u t  60 u 

. I . . . *  

U Duly Geometric A v e q e  Panutmat 
Rates ham H d y  Vducr The geometric 
mvemgt pollutant rate yp_) tr mmputrd wing 
tbe rouowlrsg qmtio= 

n 

1-1 
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Q. 19- 
M a  

where: 
%R, = daily geometric average percent 

E, & = matched pair hourly u i h e t i c  
nduction. 

average pollutant rate. outlet and inlet. 
rtspcctivtly, ng/] (Ib/adLon Btul or ppm 
corrected to 7 percent 01. 

n - total number of hourly avenges for 
which paired inlet and outlet pollutant 
rates are availabic withirr the 24-hr 
midnight to midnight daily period 

In t natural log of indicated vaIue. 
UCP = the natural logarithmic bast IZn81 

raised to the value endortd by brackets. 
Note: The calculation inciuder only p r k d  

. 

data sets [hourly average) for the ln l t t  and . 

outlet pollutant mtasuremcntr. 
+ * * a *  

Doc 9l-13& Filed ?-U-sl; 6 4 3  am] 
m u s c o a -  

DEPARTMENT OF COMMERCE 

National Oceanic and Atmospheric 
Admlnfthtion 

50 CFR Parts 672 and 675 

[Docket No. 9089CbtOt91 

Groundfish of the Gulf of A m  
Groundflsh of the Btrfng Sea and 
Aleutian Islands 

AGENCX Nationai Marine Fisheries 
Service CNMfS), NOAA Comrr.erce. 
A~XION: Final rule, technical 
amendment. 

SUMMARY: The Secretary of Commerce 
issues this h a l  rule implementing a 
technical amendment to reinstate . 
regulatory language that was 
unintentionaIly deleted by regulations 
implementing Amendment 13 to ?he 
Fishery Management Plan for the Bering 
SealAleutian Island3 Groundfish 
(3ering FMP) and Amendment 18 to the 
Fishery Management Plm for the Gulf of 
Alaska Groundfish Fishery (Gulf FMP) 
(54 FR 50386, December 6.19891. 
E F n C r l V E  OATC February 8,1991. 

Patricia Peacock Fishery Management 
Specialist). NMFS, Plans and 

FOR FURTHER INFORMATION CUMTA(=f, 

Regulations Division. 1335 East-West 
Highway, Silver S p m g .  Maryland M40,  
telephone 301427-2343. 

Groundfish fisheries in the Exclusive 
Economic Zone off Alaska an governed 
by Federal regulations at 50 CFR parts 
811,620,672. and 675 that implement the 
B e h q  and the Gulf W s .  These FMPs 
were prepared by the North Pacific 
Fishery Management Council and . . 
approved by the Secretary of Commerce 
(Secretary) under provisions of the 
Magnuson Fishery Conservation and 
Management Act 
This final ruIe implements a technical 

amendment that (I) reinstates language 
unintentionally deleted by amendatory 
Ianguaae in 54 FR SO383 (December 6. 
1989) and (2) retains the amendatory 
language of 56 FR 492 (lanuary 7,199l). 
, On December 6.1989, a final rule was 
published in the Federal Register (54 FFt 
SO386) that was intended ody to amend 
the introductory language o€ 
Q 3 67220(a)(Z) and 6752Ofa)(Z]. Item 11 
of this amendatory language states that 

paragraphs (a)(2) and ( f ) ( l )  are 
revised * .; item 20 states that 

paragraph (a]@) is revised '. 
This amendatory laquage revised the 
introductory text of paragraph (a]@) in 
these sections but deleted the remainder 
of the regdatory lanyage in 
Q Q 6 Z ? O (  a)(2) and 675.20[s)(Z). 
Paragraphs in 8 672-20 that were 
unintenticnalty deIeted were (a)(Z)(i), 

Table 1 in 0 672.20 also wns 
unintentionally deleted. Paragraphs that 
were unintentionally deleted in 0 87520 
were as fobws:  [a)(i!)(i), (a)(Z)(i)(A), 
and (al(Z1(ilCB). 
On January 5,193l. frnd d c s  

implementing Amendment 14 to the 
Bering FMP and Amendment 19 to the 
Gulf FMP also revised text in 
Q 67220[a)(2) and 67320[a)(2) (56 FR 

492 January 7, I=). This d a  retains 
the changes to these rtctions resulting 
from Amendments 14 and 19. 

The Gulf and Bering FMPs wen 
implemented using procedures specified 
by the Magnuson Act and the 
Administrative Procedure Act However, 
as explained above. the language 
curtently in 0 0 872.20(a) end 67520[a) 
does not correctly reflect the Gulf or 
Bering M s  and subsequent 
amendments. 

SUPPLEMLKTARY IWFORIUTKIK: 

... 
* * *  

(a3 Zl(ii1. W(2) ( ii 1 (A]* and (al(~l[fil[Bl= 

' 

This ha! d e .  technical amendment. 
is reinstating regulatory language 
needed to implement comctty the 
Bering and Gulf M s  as amended. 

Classification 

is issued under parW 872 and 675. 
Because this d t  reinstates rcgdatory 
text that was inadvertently deleted 
dunng en earlier rulemaking proceeding 
and makes no substantive changes other 
than changes determined in rulemaking 
for Amendments 14 and 19, it is 
unnecessary under 5 U.S.C. S53(b]@] to 
provide for prior public comment and 
there is good Cause under 5 U S C .  553(d) 
not to delay for 30 days i b  effective 
date. 
Because this rule is being issued 

without prior comment B regulatory 
flexibility analysis is not required under 
the Regulatory Flexibility Act and none 
has been prepared. 
. ms ruIe reinstates language that has . 
been determined not to be a major d e  
unda Executive Order 1229% does not 
contain policies with federalism 
implications sufficient to warrant 
prepara tian of a federalism assessment 
under EO. 12612 and does not contain a 
collcction-of-informa tion requirerntct 
far the purposes of the Paptmork 
Reduction Act. There t no change m the 
regulatory impacts previously reviewed 
and analyzed. 

~t of Subjects in SO ~ r a  PA 672 and 
675 

\ 

This fmal d e ,  technical amendment, 

Fisheries, Genera1 limitations. 
Dated Febnrrry 7.1981. 

MicbreI F. T i  
Acting Assistant Adrtlinistmtor for fishmks, 
Nctiond Mctinc Fishezies Semke. 

CFR parts 672 and 675 are mended as' 
follows: 

For reasons set out in the preimblc. 50 

PART 6 7 2 4 R O U N D F I S H  OF THE 
GULF OF ALASKA 

continues to read as follows: 
1. The authority citation fur part 672 

Authority 10 U S . C  leal el KQ. 
z Section 67220(a)(2) is revised and 

Tabie 1 i s  added to the section to mad 
&$ follows: 
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- drnD1* A 
THE DFTERPcfINATIfON OF W A L S  EMISSIONS 

IN EXHAUST GASES FROM STATIONARY SOURCE COMBUSTION PROCESSES 

1. Applicability and Principle  
1.1 Applicability.  This method is applicable for the determination of 

t o t a l  chromium (Cr), cadmium (Cd), arsenic (As), nickel  (Ni), manganese (Mn), 
berylliwn (Be), copper (Cu), zinc (Zn), l ead (Pb), selenium (Se), phosphorus 
(PI, thallium (Tl), silver (A& mtimony (Sb),  barium (Ba), and mercury (Hg) 
emissions from rpunicipd waste incinerators, sewage sludge incinerators,  and 

hazardous waste incinerators. 
determination of particulate emissions following the additional procedures 
described. Modifications to the sample recovery and analysis procedures 

described in th i s  protocol f o r  the purpose of determining particulate emissions 
may potentially impact the front h a l f  mercury determination.* 

This method may also be used for the 

1.2 Principle. Particulate and gaseous metal emissions are withdrawn 

isokinetically from the source and collected on a heated f i l ter ,  and in a 
series of chilled impingers containing a solution of dilute n i t r i c  acid i n  

hydrogen peroxide in two impingers, and acidic potassium permanganate solution 
in two (or one) impingers. Sampling t r a i n  components are recovered and 

digested in separate front and back half fractions. 
sampling train are digested with acid solutions to dissolve inorganics and to 

remove organic constituents that may create a n d y t i c d  interferences. Acid 

digestion is performed using conventiond P a r 9  Bomb or microwave digestion 
techniques. The n i t r i c  acid and hydrogen peroxide impinger solution, the 
acidic potassium permanganate impinger so lut ion,  and the probe rinse and 
digested fi lter solutions are analyzedfor mercury by cold vapor atomic 
absorption spectroscopy ( C V M ) .  Except for the permaganate solution, the 

Materials collected in the 

"Field tests  to date have shown that of the total amount of mercury measured 
by the method, p l y  0 to (2% was measured in the front half .  Therefore, it is 
tentatively concluded, based on the above data, that particulate emissions may 
be measured by this train, without significantly al ter ing  the  mercury results. 



remainder of the sampling train catches are analyzed for C r ,  Cd, Ni, Mn, Be, 
Cu, Zn, Pb, Se, P, T1, Ag, Sb, B a ,  and As by inductively coupled argon plasma 
emission spectroscopy (ICAP) or atomic absorption spectroscopy (AAS) .  Graphite 
furnace atomic absorption spectroscopy (GFAAS) is used fo r  analysis of 

antimony, arsenic, cadmium, lead, selenium, and thallium, if these elements 

require greater analytical s e n s i t i v i t y  than can be obtained by ICAP. 

Additionally, if desired, the tester may use AAS f o r  analyses of a l l  metals if 
the detection limits meet the goal of the test ing program. 
aliquots of each diges ted  sample fraction can be combined proportionally for a 

single analytical determination. The efficiency of the analytical procedure is 
quantified by the analysis of spiked quality control samples containing each of 
the target metals including actual sample matrix effects checks. 

For convenience, 

2. Range, Sensitivity, Precision, and Interferences 
2.1 Range. For the analyses described in t h i s  methodology and for similar 

analyses, the ICAP response is linear over several orders of magnitude. 
ples containing metal concentrations in the nanograms per milliliter (ng/ml) to 

micrograms per milliliter (ug/ml) range i n  the analytical f in i sh  solution can 

be analyzed using this technique. 
approximately 50 ug/ml of chromium, lead, or arsenic should be diluted before 
analysis. 
should be diluted before analysis. 

S m -  

Samples containing greater than 

Samples containing greater than approximately 20 ug/ml of cadmium 

2.2 Analytical Sensi t iv i ty .  XCAP detection limits i n  the analytical 

solution (based on SW-846, Method 6010) are approximately as follows: Sb (32 
n g h l ) ,  As (53 ne/ml), Ba (2 ng/ml),’Be (0.3 n g / m l ) ,  Cd (4 ng/ml), Cr (7 
n g / W ;  Cu (6 ng/ml), Pb (42 ng/ml), 
Se (75 ng/ml) , A g  (7 ng/rnl), Ti (40 ng/ml) , and Zn (2 ng/ml) . 
method detection l i m i t s  are sample dependent and may vary as the sample matrix 

may affect the limits. The detection L i m i t s  for analysis by direct aspiration 

AAS (based on sw-846, Method 7000) are approximately as follows: Sb (200 

ng/ml) , As (2  ng/ml) , Ba (100 ng/m1) , Be (5  n g / d )  , Cd ( 5  ng/ml) , Cr (50 

ng/ml), Cu (20 ng/ml) , Pb (100 ng/ml) 
& P a l ) ,  Ag (10 ng/ml) , Tl (100 ng/ml). and Zn (5 ng/ml). 
for mercury by CVAAS is approximately 0.2 ng/ml. 
added sensitivity compared t o  the use of d irec t  aspiration AAS for the 

fol lowing metals: Sb ( 3  ng/ml), As (1 ng/ml), Be (0.2 n g / a ) .  Cd (0.1 ng/ml), 

2 

(2 n g / W ,  Ni (15 n g / d ) .  P (75 ng/rnl), 
The actual 

Mn (10 ng/ml) , Ni (40 ng/ml) Se (2  

The detection l i m i t  

The use of GF’AAS can give 

m b  ri L’.bnmtnay mlt. 
*’ h8s not beon tamrally mfeasej tb, tpfi 
e*xi would not at thlc m g e  
‘9 ‘ ~ w t   age^ WCY. tt is Mir4 
Jrculatd C O W O ~ ~  on tts IeChq:CI; 
=-cr and p* Impl1r;rtlctls I 
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Cr (1 ng/ml) , Pb (1 ng/ml), Se ( 2  ng/ml) , and T1 (1 ng/ml). 
possibility of optimum ease i n  obtaining accura te  measurements, the  

concentration of target metals i n  samples should be a t  least t e n  times the  

detection l i m i t .  

a n a l y t i c a l  procedure, this concentration c8n be as low as approximately three 
times the de tec t ion  limit. However, the scatter of such data may render them 

unacceptable o r  may r e q u i r e  many analyses before the desired r e l i a b i l i t y  of 
ana ly t i ca l  data is obtained. 

To ensure  the 

Under certain conditions, and with greater care i n  t h e  

Using the procedures described in t h i s  method, the  theoretical analytical 
detection l i m i t s  shown above. a volume of 300 ml for the front hal f  and 150 m l  
for t h e  back half samples, and a stack gas sample volume of 1.25 103, the  

corresponding in-stack de tec t ion  limits are presented in Table A - 1  and 
ca lcu la ted  as shown: 

m h  dpc.umbnt b b .@ro?fmlnary dnfk 
r) has not been t o m a t f y  released bjr EPA 
and should not st thlt stage be construe5 

C 30 represeirt ATenm policy. It :< seiEg 
Uti.rr;;lte- tot I*om,me-t pr ; a .  -- --Tics’ 

A X E  - = D  

where: A = a n a l y t i c a l  d e t e c t i o n  limit, ug/ml. 
B = volume of sample prior t o  aliquot for analys is ,  ml. 
C = stack sample volume, dscm, m3. 
D = in-stack d e t e c t i o n  l i m i t ,  ug/m3. f 

Values i n  Table A-1  are ca lcu la t ed  for the front and back half and/or the  t o t a l  

t r a i n  . 
Actual method in-stack detection l i m i t s  are based on actual test values. 

I f  required, this method’s in-stack detection l i m i t s  listed can be improved f o r  
a s p e c i f i c  test by using one or more of the following options: 

0 

* 

0 

A normal 1-hour sampling run collects a stack gas sampling volume of 
about 1-25 m3. If the sampling time is increased and 5 m3 is 
co l l ec t ed ,  the i n - s t a c k  method detection l i m i t s  would be one fourth of 
the values shown above (this means t h a t  with t h i s  change, the method is 
four times more sensit ive than+normal). 

The in-stack detection l i m i t s  assume tha t  a l l  of the sample is  digested 

(with exception of the a l i q u o t  for  mercury) and the final l i q u i d  volume 
for  a n a l y s i s  is 300 ml for the f ront  half and 150 ml for the back half 

sample. ,If the f ront  half volume is reduced from 300 m l  t o  30 m1, the  

front half in-stack detection limits would be one tenth of the values 
shown above ( t e n  times more sensitive). 
reduced from 150 ml to  25 ml the in-stack detection limits would be one 
s i x t h  of the above values. 

If the back hal f  volume i s  

Matrix effects checks are necessary on 
mb dpcum;bnt M L’.-pTirntnt;w dnfi. 
9 has not been fWmaIly released b3 €Pb 
8.7d should not 8t t!lb &age be corstruc5 
‘D represent &en- poky. It is teirp 
drculated for c o v r n t  on Its techrll- 
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TABLE A-1 .  IN-STACK METHOD DETECTION LIMITS (ug/m3) 
M)R TRAIN FRACTIONS USING ICAP AND AAS 

Front Half Back Half1 Back Half2 
Fraction 1 Fraction 2 Fraction 3 Total  Train 

Metal Probe and F i l t e r  Impingers 1-3 Impingers 4-5 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel  
Phosphorus 
Selenium 
Silver 
Thallium 
Zinc 

7.7 (0.7)" 

0.5  
0.07 (0.05)'' 
1.0 (U.02)" 
1.7 (0.2)" 
1.4 
10.1 (0 .2 ) *  
0.5 ( 0 . 2 ) *  
0 . 05** 
3.6 
18 
18 (0.5)' 
1.7 
9.6 (0.2)" 
0.5 

12.7 (0.3)" 
3.8 (0.4)* 
6.4 (0.1)+ 
0.3 
0.04 (0.03)" 
0.5 (0.01)* 
0.8 (o . i )*  
0.7  
5.0 (0.1)* 
0.2 (O.l)* 
0.03"" 
1.8 
9 
9 (0.3)' 
0.9 
4.8 (o.i)* 
0.3 

o . 03"'' 

11.5 ( i . i )*  
19.1 (0.4)" 
0.8 
0.11 (0.08)" 
1.5 (0.3)" 
2.5 (0 .3)" 
2.1 
15.1 (0.3)" 
0.7 (0.3)" 
0.1~4 
5-4 
27 
27 (0 .8)*  
2.6 
14.4 (0.3)" 
0.8 

( ) *  Detection limit when analyzed by GFAAS. 
** Detection l i m i t  when analyzed by C V W .  

Actual method in-stack detection l i m i t s  are based on actual t e s t  values. 

analyses of samples and typical ly  are of greater significance for 

samples that have been concentrated below the normal sample volume. 
volume less than 25 ml may not allow resolubilization of the residue 
and may increase interference by other compounds. 

A 

o When both of the above two improvements ereused on one sample at the  

same time, the resultant improvements are multiplicative.  For example, 
where stack gas volume is increased by a factor of f ive  and the total 
liquid sample digested volume of both the front and back halves is 
reduced by factor of six, the in-stack method detection l i m i t  is 

reduced by a factor of thirty  rthe method is thirty times more 

sensitive). 
Conversely, reducing stack gas sample volume and increasing sample 

l iquid volume will increase limits. The f ront  half and back half1 
samples '(Fractions 1 and 2) can be combined prior t o  analysis. 

resultant liquid volume (excluding Fraction 3 which must be analyzed 
separately) is recorded. Combining the sample a~ described does not 
allow determination (whether front or back h a l f l )  of where i n  the train 

o 

The 

4 
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. .  

the  sample w a s  captured. 
becomes a s ing le  value for  all metds, except mercury for which the 
contr ibut ion of Fraction 3 must be considered. 

The in-stack method detect ion limit then 

o The above discussion assumes no blank correction, Blank corrections 
are  discussed later i n  t h i s  method. 

2 . 3  Precision. The precis ions ( r e l a t i v e  standard deviat ion)  f o r  each 
metal detected i n  a method development test at a sewage sludge inc inera tor ,  are 

as follows: Sb (13.93). As (13.5% Ba (13.1% Cd (11.5%), Cr (l2.5%), Cu 

(11.9%). Pb (11.6%), N i  (7.7%). P (13.5%), Se (15-3%), T1 (12.3%). and Zn 
(11.8%). Beryllium, manganese and s i l v e r  were not de tec t ed  i n  the tests;  

however, based an the analytical s e n s i t i v i t y  of the ICAP for these metals, i t  

is assumed that t h e i r  precis ions should be s i m i l i a r  to those for the  other 
metals. 

2.4 In t e r f e rences .  Iron can be a spec t ra l  interference during the  

analysis of arsenic. chromium. and cadmium by ICAP. Al-minum can be a spectral 
interference during t h e  analysis  Qf arsenic  and lead by ICAP. Generally, these 
interferences can be reduced by d i l u t i n g  the  sample, but t h i s  increases the 

method detection limit. 
p o t e n t i a l  in te r fe rences  for this method. 
modifiers should be used t o  l i m i t  interferences, and standards should be matrix 

Refer to EPA Method 6010 (SW-846) for details on 
For all GF'AAS analyses, matrix 

matched. 

3. Apparatus 
3 . 1  Sampling Train. A schematic of the sampling train is shown i n  Figure 

The sampling t r a i n  consists of the A-1 .  

following components. 

It is similar to the Method 5 t ra in .  

3 . 1 . 1  Probe Nozzle (Probe Tip)  and Borosilicate or Quartz G l a s s  Probe 

Liner. 
unless an alternate probe tip prevents the poss ib i l i t y  of contamination or 
interference of the sample w i t h  its materials of construction. I f  a probe t i p  

other than glass is used. no correct ion of the stack sample test  results can be 

made because of t h e  effect on the results by the probe t i p .  

Same as Method 5 ,  Sections 2.1.1 and 2.1.2. G l a s s  nozzles are requi red  
4 

3.1.2 P i t o <  Tube and D i f f e r e n t i a l  Pressure Gauge. Same as Method 2 ,  

Sections 2.1 and 2.2, respectively. 
3.1.3 Filter Holder. G l a s s ,  same as Method 5. Section 2.1.5. except that 

a Teflon f i l ter  support may be used, if desired,  to replace the glass f r i t .  





3 . 1 . 4  F i l t e r  Heating System. Same as Method 5, S e c t i o n  2.1.6. 
3 . 1 . 5  Condenser. The following system shal l  be used for the condensation 

and col lect ion of gaseous metals and for  determining the mois ture  content of 

the stack gas. 

connected i n  series with leak-free ground glass f i t t i n g s  or other leak-free, 

non-contaminating fittings. 

as a water knockout trap for use dur ing  test conditions which require such a 
trap. The impingers t o  be used i n  t h e  metals t r a i n  are now described. When 
the first impinger is used as a water knockout, i t  shall have a shor t  stem. 
The second impinger (or  t h e  first HNO3/H202 impinger) s h a l l  be as described f o r  
t h e  first impinger in Method 5, Paragraph 2.1.7. The third impinger (or the 

impinger used as the second HNO3/H202 impinger i n  any case) is t h e  same as the 
Greenburg Smith impinger with the  standard tip described as the second impinger 
i n  Method 5, Paragraph 2 .1 .7 .  A l l  other impingers used i n  t h e  metals train are 

the same as the second impinger previously described. The first impinger 
should be empty, t h e  second and t h i r d  shall contain known quantit ies  of a 
n i t r i c  acid/hydrogen peroxide so lu t ion  (Section 4.2.1). the f o u r t h  (and f i f t h ,  
i f  required) shall conta in  a known q u a n t i t y  of ac id i c  potassium pemanganate 

s o l u t i o n  (Section 4.2.2), and the last impinger shall contain a known quan t i ty  
of silica gel or  equivalent desiccant. 
within l 0 C  (2OF) s h a l l  be placed at the o u t l e t  of the last impinger. When the 
water knockout impinger is not needed, it  is remuved from the t r a i n  and the 
other impingers remain t h e  same. 

potassium permanganate impingers are removed. 

The condensing system should consist of f o u r  to s i x  impingers 

The first impinger is optional and is recommended 

A thermometer capable of measuring to 

If mercury analysis is not needed, t h e  

3.1.6 Metering System, Barometer, and Gas Density Determination 
Same as Method 5 p  Sections 2.1.8 through 2.1.10, respec t ive ly .  Equipm'ent. 

3.2 Sample Recovery. 
3.2.1 

The following items are needed for sample recovery: 
Nonmetallic Probe Liner and Probe Nozzle Brushes, Wash Bottles, 

Sample Storage Containers,  P e t r i  Dishes, Graduated Cylinders, P last ic  Storage 

Containers, Funnel and Rubber Policeman, and Glass funnel. Same as Method 5 ,  
Sec t ions  2.2.1 through 2.2.8, r e spec t ive ly .  

3 . 2 . 2  Labels. For ident i f i ca t ion  of samples. 
3.2.3 Polypropylene Tweezers and/or P l a s t i c  Gloves. For recovery of the 

f i l t e r  from the sampling train filter holder. 
3.2.4 Nonmetallic Bristle Brush. For quan t i t a t ive  recovery of materials 

collected i n  the f r o n t  half of the ssmpling t r a i n .  
* m M  b.Ipnnmtnaq mn ' h&S IWt k O n  -1rY VUlSased bj EpE! 
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3 . 3  Sample Preparation and Analysis. For the analysis ,  the following 
equipment is needed: 

3.3.1 Volumetric Flasks, 100 ml, 250 m1, and 1000 ml. For preparation of 

standards and sample di lut ion.  

3.3.2 Graduated Cylinders. For preparation of reagents.  

3 . 3 . 3  Par$ Bombs or Microwave Pressure Relief Vessels with Capping 

Sta t ion  (CEM Corporation model or equivalent). 

3 . 3 . 4  Beakers and Watchglasses. 250 ml beakers for sample digestion with 
watchglasses to cover the tops- 

3.3 .5  Ring Stands and Clamps. For securing equipment such as filtration 
apparatus 

3.3.6 F i l t e r  Funnels. For holding filter paper. 

3 .3 .7  Whatman 541 F i l t e r  Paper (or equivalent).For f i l t r a t i o n  of 
diges ted  samples. 

3.3.8 
3.3.9 Volumetric Pipets. 
3.3.10 Analytical Balance. Accurate to within 0.1 mg. 
3.3.11 Microwave or Conventional Oven. For heating samples at f i x e d  

Disposable Pasteur P ipe t s  and Bulbs. 

power levels or temperatures. 

3.3.12 Hot Plates.  
3.3.13 Atomic Absorption Spectrometer (M). Equipped w i t h  a background 

corrector. 
3.3.13.1 Graphite Furnace Attachment. With antimony, arsenic, cadmium, 

lead, selenium, thaliurn, and hollow cathode lamps (HCLs) or electrodeless 
discha$ge lamps (EDLs) . Same as EPA Methods 7041 (antimony), 7060 (arsenic), 
7131 (cadmium), 7421 ( lead) ,  7740 (selenium) , and 7841 (thallium) . 

3.3.13.2 Cold Vapor Mercury Attachment. With a mercury HCL or EDL. The 

equipment needed for the cold vapor meeury attachment includes an air 
recirculation pump, a quartz cell, an aerator apparatus, and a heat lamp or 

desiccator tube. 
temperature at the quartz cell by 10°C such that no condensation forms on the 
w a l l  of the quartz cell. Same as EPA Method 7470. 

3.3.14 Inductively Coupled Argon Plasma Spectrometer. W i t h  either a 

The heat lamp should be capable of raising the ambient 

direct or sequential reader and an alumina torch. Ssme as EPA Method 6010. 
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Unless otherwise indicated. i t  is  intended that a l l  reagents conform to 
the  specifications established by the Committee on Andytical  Reagents of t h e  

American Chemical Society,  where such specif icat ions are available; otherwise, 

use the  best available grade. 

4.1 Sampling. The reagents used in sampling are as follows: 
4.1.1 Filters .  The filters shall contain less than 1.25 ug of each of the 

metals t o  be measured. Analytical results provided by f i l ter  manufacturers are 

acceptable. However, i f  no such resul ts  are available, filter blanks must be 
analyzed for each target metal prior to  emission testing. 

glass fiber filters without organic binders s h a l l  be used. 
exhibit at least 99.95 percent ef f ic iency  (W.05 percent penetration) on 0.3 
micron dioctyl phthalate smoke particles. 

conducted in accordance with ASTM Standard Method D2986-71 (incorporated by 

reference). For particulate determination, the filter should have a surface 

Quartz fiber or 
The filters should 

The filter e f f i c i e n c y  test s h a l l  be 

alkalinity less than 7 . 5  pH. 
manufacturers are acceptable. 
have been found to meet these 

4.1.2 Water. To conform 
(incorporated by reference), 
field use. All target metals 

Again, analytical results provided by filter 
PallflexR type 2500 QAT-UP Ultra Pure Filters * 

limits . 
t o  ASTM Specification D1193.77, Type' 11 

Analyze the water for  a l l  target metals prior  to 
should be less than 1 ng/ml. 

4.1.3 Nitric Acid. Concentrated. Baker Instra-analyzed or equivalent. 
4 . 1 . 4  Hydrochloric Acid. Concentrated. Baker Instra-analyzed or 

equivalent . 
4 1 . 5  
4.1.6 Potassium Permanganate. 
4.1.7 Sulfuric Acid. Concentrated. 
4.1.8 S i l i c a  G e l  and Crushed Ice." Same as Method 5, Sections 3.1.2 and 

Hydrogen Peroxide * 30 Percent (V/V) 

3.1.3, respectively.  

4.2 
4.2.1 Nitric Acid/Hydrogen Peroxide Absorbing Solution. Add 50 m l  of 

concentrated n i w i c  acid and 333 ml of 30 percent hydrogen peroxide t o  a 1000 
m l  volumetric f l a s k  or graduated cylinder containing approximately 500 ml of 

water. Dilute to volume with water. The reagent s h a l l  contain less than 

Pretest Preparation for Sampling Reagents. 

2 ng/ml of each target metal. 

9 
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4 . 2 . 2  Acidic Potassium Permanganate Solution. Fill a 1 liter volumetric 
flask or graduated cylinder with approximately 800 ml of water. 

40.0 g of potassium permanganate and dissolve i t  i n  the water. Add 100 ml of 
concentrated sulfuric acid and mix well. Let the solution cool and dilute t o  

Weigh out 

volume with water. 

metal. 

The reagent shall contain less than 2 ng/ml of each target 

Precaution: 
so lu t ion ,  filter the solution through Whatman 541 fi lter paper. 

reaction of the  potassium permanganate with the acid, there may be pressure 
buildup i n  the sample storage bott le ,  These b o t t l e s  should not be f i l l e d  full 
and should be vented both to relieve excess pressure and to prevent explosion 
due to pressure buildup. Venting is highly recommended, but should not allow 

contamination of the sample; a No. 70-72 hole dr i l led  i n  the container cap and 
Tef lon  liner has been used. 

To prevent autocatalytic decomposition of the permanganate 

Also due t o  

4.2.3 Nitric Acid, 0.1 N. Add 6.3 m l  of concentrated n i t r i c  acid (70 
percent) t o  a graduated cylinder containing approximately 900 ml of water. 
Dilute to 1000 ml with water. Mix well. The reagent shall contain less than 2 

ng/ml of each target metal. 
4 -2.4 Hydrochloric Acid, 8 N .  Add 690 m l  of concentrated hydrochloric 

a c i d  t o  a graduated cylinder containing 250 m l  of water. 
water. Mix w e l l .  

target metals. 

Dilute to 100 m l  with 

The reagent shall contain less than 2 ng/ml of each the 

4.3 Glassware Cleaning Reagents. 
4.3.1 Nitric Acid, Concentrated. Fisher ACS grade or equivalent. 

4.3.2 Water. To conform to ASTM Specifications D1193-77, Type 11. 
4.3 .3  Nitric Acid, 10 Percent (V/V). Add 500 ml of concentrated nitric 

acid to a graduated cylinder containing approximately 4000 ml of water. 
Dilute to 5000 ml with water. rl 

4.4 
4.4.1 Hydrochloric Acid, Concentrated. 

4 .4 .2  Hydrofluoric Acid, Concentrated. 
4 .4 .3  Nitrk Acid, Concentrated. Baker Znstra-analyzed or equivalent. 
4.4.4 Nitric Acid, 10 Percent (V/V). Add 100 ml of concentrated n i t r i c  

Sample Digestion and Analysis Reagents. 

acid to 800 m1 of water. Dilute to loo0 ml with water. Mix well. Reagent 
shall contain less than 2 ng/ml of each target metal, 
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4.4.5 Nitric Acid, 5 Percent (V/V). Add 50 ml of concentrated nitric acid 

t o  800 ml of water. 

than 2 ng/ml of each target metal. 
Dilute t o  1000 ml w i t h  water. Reagent s h a l l  contain less 

4.4.6 Water. To conform t o  ASTM Specifications D1193-77, Type 11. 
4 .4 .7  Hydroxylamine Hydrochloride and Sodium Chloride Solution, See EfA 

Method 7470 for  preparation. 

4.4.8 Stannous Chloride. 
4.4.9 Potassium Permanganate, 5 Percent (W). 
4.4.10 
4.4.11 
4.4.12 
4.4.13 
4.4.14 
4.4.15 
4.4.16 
4.4.17 

4.4-19 
4.4.18 

4.4,20 
4-4-21 
4.4.22 
4.4.23 

S u l f u r i c  Acid, Concentrated. 
Nitric Acid,  50 Percent (V/V). 
Potassium Persulfate, 5 Percent (W/V). 

Nickel Nitrate, Ni(N03)g6H20m 

Lanthanum Oxide, LazO3. 
AAS Grade Hg Standard, 1000 ug/ml, 

AAS Grade Pb Standard, 1000 ug/ml. 

AAS Grade As Standard; 1000 ug/ml. 9- . 

AAS Grade Cd Standard, 1000 ug/ml. 

AAS Grade Cr Standard, 1000 ug/ml. 
AAS Grade Sb Standard, 1000 ug/ml. 

AAS Grade Ba Standard, 1000 ug/ml. 

AAS Grade Be Standard, 1000 ug/ml. 
AAS Grade Cu Standard, 1000 ug/ml. 

4.4.24 AAS Grade Mn Standard, 1000 ug/ml. --)I-, - * -c . -  - ..-... -,*-..A- 

4.4.25 AAS Grade Ni Standard, 1000 ug/ml. 
4 -4.26 AAS Grade P Standard, lo00 ug/ml. 
4.4.27 AAS Grade Se Standard, 1000 ug/m1. 

4.4.28 AAS Grade Ag Standard, 1000 ug/mlm 
4.4.29 AAS Grade TI Standard, l.OOQug/~d. 
4.4.30 AAS Grade Zn Standard, 1000 ug/ml. 

4.4.31 AAS Grade A 1  Standard, 1000 ug/ml. 

4.4.32 AAS Grade Fe Standard, 1000 ug/ml; 
4 - 4 . 3 3  Thesretals standards may also be made from so l id  chemicals as 

described in EPA Method 200.7. 
Analysis of Water and Wastewater. 15th Mition, Method 303F should be referred 
to for additional information on mercury standards. 

P A  Method 7470 or Standard Methods for the 

11 
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4 . 4 . 3 4  Mercury Standards and Quality Control Samples. Prepare a 10 ug/ml 

mercury standard by adding 5 m l  of lo00 ug/ml mercury standard to a 500 m l  
volumetric flask. Dilute to 500 ml with 20 ml of 15 percent nitric acid and 

then water. 
standard to a 250 ml volumetric flask and d i l u t e  t o  250 ml with 5 ml of 4% 
KMnO4, 5 t n l  15 percent n i t r i c  acid, and then water. 

prepared by d i lu t ion  of the 200 ng/ml mercury standard. 
standards should be used to prepare the standard curve. 
O.25, 0.50, 1.00, and 2.00 total ng are suggested. Quality control samples 
should be prepared by making a separate 10 ng/ml standard and di lut ing until it 
is i n  the range of the samples. 

Prepare a 200 ng/ml standard by adding 5 m l  of the 10 ug/ml 

Other standards should be 

A t  least four 
Standards containing 

4.4.35 KAP Standards and Quality Control Samples. Calibration standards 

f o r  ICAP analysis can be combined i n t o  four different mixed standard solutions 

as shown below. 
MIXED STANDAFID SOLUTIONS FOR ICAP ANALYSIS 

S o h  tion Elements 
I As, Be, Cd, Mn, Pb, Se, Zn 

ff 
111 
IV 

Ba, Cu, Fe 
Al, Cr, Ni 
Ag, P, Sb, T1 

Prepare these standards by combining and d i lu t ing  the appropriate volumes of 

the 1000 ug/ml solutions with 5 percent nitric acid. A m i n i m u m  of one stan- 
dard and a blank can be used to form each calibration curve. 
arate quality control sample spiked w i t h  known amounts of the target metals i n  
quantities expected t o  be i n  the  midrange of the calibration curve should be 

prepared. Suggested standard levels are 50 ug/ml for Al, 25 ug/ml for Cr and 
Pb, 15 ug/ml f o r  Fe, and 10 ug/ml for the remaining elements. Standards con- 
taining less than 1 ug/ml of metal should be prepared daily. 
t a in ing  greater than 1 ug/ml of m e t a l  should be stable for a m i n i m u m  of 1 to 2 

weeks . 

However, a sep- 

Standards con- 

4.4.36 Graphite Furnace AAS Standards for Antimony, Arsenic, Cadmium, 

Lead, Selenium, and Thallium. Prepare a 10 ug/ml standard by adding 1 ml of 
1000 ug/ml standard to  a 100 ml volumetric f l a s k .  

percent n i t r i c  acid.  
matched; e.g., if the samples contain 6 percent n i t r i c  acid and 4 percent 

hydrofluoric acid, the standards should also be made up with 6 percent nitric 

12 

Dilute to 100 ml w i t h  10 

For graphite furnace AAS, the standards must be matrix 
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acid and 4 percent hydrofluoric acid. 
1 m l  of the 10 ug/ml standard to a 100 ml volumetric f l a s k  and di lute  to 100 ml 
w i t h  t h e  appropriate matrix solution.  
dilution of the 100 ng/ml standards. 
make up the standard curve. 
Quality control samples should be prepared by m a k i n g  a separate 10 ug/ml 
standard and d i l u t i n g  until i t  is  i n  the range of the samples. 
containing less than 1 ug/ml of metal should be prepared d a i l y .  

containing greater than 1 ug/ml of metal should be s t a b l e  for a minimum of 1 to 

2 weeks. 

Prepare a 100 ng/ml standard by adding 

Other standards should be prepared by 

A t  least four standards should be used to 
Suggested l eve l s  are 10, 50, 75, and 100 ng/ml. 

Standards 
Standards 

4 . 4 . 3 7  Matrix Modifiers. 

4.4.37.1 Nickel Nitrate, 1 Percent (V/V). Dissolve 4.956 g of 
Ni(N03)2-6W20 i n  approximately 50 r n l  of water in a 100 ml volumetric f l a s k .  

D i l u t e  to 100 ml with water. 
4.4.37.2 Nickel Nitrate, One-tenth Percent (V/V). Dilute 10 ml of 1 per- 

cent  n i c k e l  n i trate  solution to 100 m l  w i t h  water. Inject an equal amount of 

sample and this modifier i n t o  the  graphite furnace during AAS analysis fo r  As. 

4.4 .37 .3  Lanthanum. Dissolve 0.5864 g of La203 in I0 ml of concentrated 
HNO3 and dilute to 100 m l  with water. 
this modifier into the graphite furnace during AAS analysis for Pb, 

Inject an equal amount of sample and 

5 .  Procedure 
5.1 Sampling. The complexity of t h i s  method is such that ,  i n  order to 

obtain reliable r e s u l t s ,  testers should be trained and experienced with the 
test procedures. 

5.1.1 Pretest Preparation, Follow the same general procedure given i n  

Method 5 ,  Sect ion 4.1.1, except that, unless particulate emissions are to be 
determined, the fi lter need not be desiccated OF weighed. A l l  sampling t r a i n  
glassware should first be rinsed with hot tap water and then washed in hot 

soapy water. Next, glassware should be r i n s e d  three times with tap water, 
followed by three additional rinses with water. 

soaked in a 10 percent ( V / V )  nitric acid solution for 8 minimum of 4 hours, 
rinsed three times with water. r insed  a final time with acetone, and al lowed 

to air dry, 
covered until the sampling train is  assembled, prior to sampling. 

A l l  glassware should then be 

A l l  glassware openings where contamination can occur should be 
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5.1.2 Preliminary Determinations. Same as Method 5. Section 4.1.2. 
5.1.3 Preparation of Sampling Train. Follow the same general procedures 

given i n  Method 5, Sect ion 4.1.3. except place 100 ml of the n i t r i c  
acid/hydrogen peroxide solution (Section 4.2.1) i n  the two HN03/H2O2 impingers 
(normally the second and third impingers), place 100 m l  of the acidic potassium 
permanganate so lu t ion  (Section 4.2 .2)  i n  the  fourth and fifth irupinger, and 
t r ans fe r  approximately 200 t o  300 g of preweighed silica gel from its container 
t o  the  last impinger. Alternatively,  the silica gel may be weighed directly i n  

the  impinger just prior t o  t r a i n  assembly. 
Several options are available t o  the tester based on the sampling 

conditions. 
moisture t o  be col lec ted  i n  the impingers is  calculated or determined t o  be 

less than 150 m l .  
acidic potassium permanganate solut ion for the first test run, unless past 
t e s t i n g  experience at the same or similar sources has shown that only one i s  

necessary. 
permanganate impingers have retained their original deep purple permanganate 
color. 
three permanganate impingers) may be used, i f  necessary, to maintain t he  
desired color in the last permanganate impinger. 

The use of an empty first impinger can be eliminated if the  

The tester shall include two impingers containing the 

The last permanganate impinger may be discarded if both 

A m a x i m u m  of 200 ml i n  each permanganate impinger (or a m a x i m u m  of 

Retain for reagent blanks. 100 m l  of the  n i t r i c  acid/hydrogen peroxide 
so lu t ion  and 100 ml of the acidic potassium permanganate solution. These 
solutions should be labeled and treated as described i n  Section 7. 
sampling train as shown in Figure A-1. 

Set up the 

Precaution: Extreme care should be taken t o  prevent contamination within 
the t r a in .  Prevent the mercury col lec t ion  reagent ( sc id i c  potassium 
permanganate) from contact ing any glassware of the  train which is washed and 

analyzed for Mn. Prevent hydrogen peroxide from mixing with the acidic 
potassium perrnanganate. II 



5.1.6 Calculation of Percent Isokinetic. Same as Method 5, Section 4.1.6. 

5.2 Sample Recovery. 
removed from the stack at the end of a sampling period. 

Begin cleanup procedures 8s soon as the probe is 

The probe should be allowed to cool prior  to sample recovery, When it can 

be safely handled, wipe off a l l  external part iculate  matter near the t i p  of 

the probe nozzle and place a rinsed, non-comtaminating cap over 
nozzle to  prevent losing or gaining particulate matter. Do not 
t i p  t ight ly  while the sampling t r a i n  is cooling. This normally 

to form in the filter holder,  thus causing the undesired result 
l i q u i d  from the impingers into the  f i l ter .  

the probe 

cap the probe 

causes a vacuum 
of drawing 

Before moving the sampling train to the cleanup site, remove the probe from 

the sampling train and cap the  open out le t .  

condensate that might be present. 
fastened. 
impinger. 

contaminating caps, whether ground-glass stoppers, plastic caps, or serum caps, 

to close these openings. 

B e  careful not to lose any 

Cap the filter i n l e t  where the probe was 
Remove the umbilical cord from the l a s t  impinger and cap the 
Cap off the f i l ter  holder o u t l e t  and impinger inlet .  Use non- 

Transfer the probe and filter-impinger assembly to a cleanup area that is  + 

clean and protected from the wind and other potential causes of contamination 
or loss of sample. 

any abnormal conditions. 
schematic i n  Figure A - 2 ) .  

sample do not contaminate i t .  

Inspect the train before and during disassembly and note 
The sample is  recovered and treated as follows (see 

Assure that a l l  items necessary for recovery of the 

5.2.1 Container No. 1 (Filter). Carefully remove the filter from the 
filter holder and place it in its identified petri dish  container. 

washed-polypropylene or Teflon coated tweezers or clean, disposable surgical 

gloves rinsed with 

necessary t o  fo ld  the f i l ter ,  make certain the particulate cake is inside the 
f o l d .  Carefully transfer the f i l ter  and any particulate matter or filter 
f i b e r s  t h a t  adhere to the filter holder gasket to the petri dish by using a dry 

(acid-cleaned) nylon b r i s t l e  brush. 
when recovering t h i s  train.  

Acid- 

water should be used to handle the  filters. If it is 

Do not use any metal-containing materials 

Seal the labeled petri dish. 

5 , Z . z  Contadner No. 2 (Probe). Note: Container No. 2 c8n be omitted if 
the t e s t i n g  does not include the  determination of particulate concentration. 

Taking care to see that dust on the outside of the probe or other exterior 
surfaces does not get into the sample, quantitatively recover particulate 
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matter or any condensate from the probe nozzle, probe fitting, probe liner, 
and f ront  half of the filter holder by washing these components with acetone 
and placing the wash in R glass container.  
of acetone when approved by the Administrator and shall be used when specified 
by the Administrator;  i n  these cases, save B water blank and follow t he  

Administrator's directions on analysis. Perform the  acetone r inses  as follows: 
Carefully remove the probe nozzle and clean the  inside surface by r i n s i n g  with 

acetone from a wash b o t t l e  and brushing with a metal-free Nylon b r i s t l e  brush. 
Brush until the acetone r i n s e  shows no v i s i b l e  particles, after which make a 

final r in se  of the i n s ide  surface with acetone. 

D i s t i l l e d  water may be used ins tead  

Brush and rinse t he  inside parts of the  Swagelok f i t t i n g  with acetone i n  a 

similar way until no v i s i b l e  part ic les  remain. 
Rinse the probe l i n e r  wi th  acetone by tilting and ro t a t ing  the probe while  

s q u i r t i n g  acetone into its upper end SO that  all ins ide  surfaces w i l l  be wetted 

with acetone. L e t  the acetone drain from t he  lower end i n t o  t h e  sample 
container. A funnel (glass or polyethylene) may be used to aid on transferring 
l iqu id  washings to the  container.  

probe brush. 
upper end as the probe brush is being pushed w i t h  a twisting action through the 
probe; hold a sample container underneath the lower end of the probe, and catch 
any acetone and p a r t i c u l a t e  matter which is brushed through the probe three 
times or more u n t i l  no visible p a r t i c u l a t e  matter is carried out w i t h  the 

acetone or  until none remains i n  the probe l i n e r  on visual inspection. 
t h e  brush w i t h  acetone, and quant i ta t ive ly  collect these washings i n  the sample 

container. After the brushing, make a final acetone rinse of the probe 

described above. 

Follow the acetone rinse with a metal-free 

Hold the  probe i n  an inclined pos i t ion ,  squirt acetone i n t o  t h e  

Rinse 

It i s  recommended that  t w o  people be used to clean the probe t o  minimize 
Between sampling runs, keep brushes clean and protected from sample losses. 

contaminations. 4 

After ensuring tha t  all joints have been wiped C l e a n  of s i l i cone  grease,  
clean the ins ide  of the  f r o n t  ha l f  of the fi lter holder by rubbing the surfaces 
with a metal-free nylon bristle brush and rinsing with acetone. 

surface three times o r  more if needed to remove visible particulate. 
f inal  rinse of the brush and filter holder. 
par t i cu la t e  matter have been collected in the  sample container, tighten the lid 

on the  sample container so t ha t  acetone w i l l  not leak out when it is shipped t o  
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the  laboratory. 
leakage occurred during transport. 

Mark the h e i g h t  of the f l u i d  level to determine whether or no t  

Label the  container clearly t o  identify its 

contents 
5.2.3 Container No. 3 (Probe Rinse). Rinse the probe liner, probe nozzle, 

and front half of the f i l ter  holder by r insing these  components thoroughly with 
0.1 N nitric acid  and placing the wash i n t o  a sample storage container.  
Perform the rinses as described i n  Method 12, Section 5.2.2. Measure and 

record the volume of the combined r inses ,  and place the sample into a storage 

container.  
and use this mark t o  determine i f  leakage occurs during t ranspor t .  
container and clearly l a b e l  the contents. 

Mark the height of the  f l u i d  l e v e l  on the outside of t h e  container 
Seal the 

5.2.4 Container No. 4 (Impingers 1 through 3, Contents and Rinses) .  Due 

to the large quantity of l i q u i d  involved, the tester may place the impinger 
solutions i n  more than one container.  Measure the liquid i n  the f i r s t  three 

impingers voltmetrically t o  within 0 .5  ml using a graduated cylinder. 
the volume of l i q u i d  present .  
moisture content of the sampled flue gas. 

impingers and connecting glassware by thoroughly rinsing with 0.1 N n i t r i c  acid 
as described i n  Method 12, Section 5.2.4. 
so lu t ions ,  measure and record the volume. Mark the height of the fluid level 
on the outside of the container t o  determine i f  leakage occurs during 
transport. Seal the container and clearly label the contents.  

Record 

This information is required to calculate the 
Clean each of the first three 

Combine the rinses and impinger 

5 .2 .5  Container No. 5 ( A c i d i f i e d  Potassium Permanganate Solution and 
Rinses,  Impingers N o .  4 & 5) .  Pour a l l  the  liquid from the permanganate 

impingers (fourth and fifth, if two permanganate impingers are used) into a 

graduated cyl inder and measure the  volume t o  within 0.5 ml. 
is required t o  ca l cu la t e  the moisture content of the sampled f lue  gas. 

the permanganate impinger(s) and connecting glass pieces a minimum of three 
times with a c i d i f i e d  potassium permangqate solution. 
t h e  pemanganate impinger so lu t ion  i n  a graduated cylinder and measure the  

t o t a l  volume within 0.5 m l .  
a labeled container. 
container  t o  determine if  leakage occurs during transport. 

note and the  Precaution in Paragraph 4.2.2 and properly seal the container and 

This information 

Rinse 

Combine the  rinses with 

Place the combined rinses and impinger contents i n  
Mark the height of the fluid level on the outside of t h e  

See the following 

clearly label the contents.  



- Note: Due to the potent ia l  reaction of the potassium permanganate with the 

acid. there may be pressure buildup i n  the sample storage bottles. 

bottles should not be f i l l e d  full and should be vented to relieve excess 

pressure. Venting is highly recommended. 
con ta ine r  cap and Teflon l i n e r  has been found to al low adequate venting without 

loss of sample. 

These 

A No. 70-72 hole d r i l l e d  in the 

5.2.6 Container No. 6 (S i l i ca  Gel). Note the color of the indicating 

silica gel t o  determine whether it has been completely spent and make a 

notation of its condit ion.  
original  container and seal. 
gel and a rubber policeman to remove the s i l ica  gel from the impinger, 

small amount of particles that may adhere t o  the impinger w a l l  need not be 

removed. 
weight gained i n  the  silica gel impinger is used for moisture calculations. 
Alternatively,  if a balance is available i n  the field, record t he  weight of 
the spent s i l i c a  gel (or silica gel plus impinger) to the nearest 0.5 g. 

Transfer the silica gel from its impinger to its 

The tester may use a funnel to pour the s i l i c a  

The 

Do not use water or other l iquids  to  transfer the s i l i c a  gel s ince  

5.2.7 Container No. 7 (Acetone Blank). Once during each field test, place 
100 r n l  of the acetone used in the sample recovery process in to  a labeled 

container for use as a recovery solvent blank. Seal the container, 
5.2.8 Container No. 8 (0.1 N Nitric Acid Blank). Once during each f i e l d  

t e s t ,  place I00 r n l  of the  0.1 N nitric acid solution used i n  the sample 

recovery process i n t o  a labeled container for use as a recovery solvent blank. 

Seal the container. 
5.2.9 Container No. 9 (5% Nitric Acid/lO% Hydrogen Peroxide B l a n k ) .  Once 

during each f i e l d  test,  place 100 ml of the 5% nitric acid/lO% hydrogen 
peroxide solution used as the n i t r i c  acid impinger reagent i n to  a labeled 
container for use as a blank. Seal the container. 

5.2.10 Container No. 10 (Acidified Potassium Permanganate B l a n k ) .  Once 

dur ing  each f i e l d  t e s t ,  place 100 ml ofdthe acidif ied potassium permanganate 

s o l u t i o n  used as the impinger solution and in the sample recovery process i n t o  

a labeled container for use as 8 blank. Seal the container. 
- Note: 

5.2.11 Container No. 11 (Filter B l a n k ) .  Once during each field test ,  

place m unused f i l ter  from the same lot as the sampling filters in a labeled 

This container should be vented, as described in Sect ion 5.2.4, to 

relieve excess pressure. 

p e t r i  dish.  Seal the petri d i sh .  n b  &cmwtnt 6 r i h r l k r n a y  mp, ' 
flof k e n  h 8 l f y  rgleassd t;r D,: 

'''? should not 8t thh 8hge be ~ c f i s - ; ~ . ~ .  

;Irculbted tor CommLnt n- rsFq,;ci: 
IY;-=CY B ~ O  p-li;, t p + i ; , - a :  iC;,i 

19 
-2 * ~ e s m t  Agenap poiicv. It i.. 2+,7 

J-55 .-., -. . I . 



5.3 Sample Preparation. Note the level of the l i qu id  i n  each of the 

containers and determine if any sample was l o s t  during shipment. If a 
noticeable mount of leakage has occurred, either void the sample or use 

methods, subject to  the approval of the  Administrator, t o  correct the f i n a l  
results. A diagram i l l u s t r a t i n g  sample preparation and analysis procedures for 
each of t he  sample train components is shown i n  Figure A-3. 

5.3.1 Container No. 1 (Filter). The fi l ter  with its filter catch should 

be divided i n t o  portions containing approximately 0.5 g each and placed i n t o  
the analyst's choice of either individual  microwave pressure relief vessels or 
Pa& Bombs. 
hydrofluoric acid should be added t o  each vessel. 
microwave the sample vessels f o r  approximately 12-15 minutes i n  i n t e rva l s  of 1 
to 2 minutes a t  600 Watts. 

14OoC (285O~) for 6 hours. 
combine with the acid digested probe r i n s e  as required i n  Section 5 3 . 3 ,  below. 

Six ml of concentrated n i t r i c  acid and 4 ml of concentrated 
For microwave heating, 

For conventional heating, heat  the Parr  Bombs at 

Then cool the samples to  room temperature and 

Notes: 1. Suggested microwave heating times are approximate and are dependent 
upon the number of semples being digested. Twelve to 15 minute 
heating times have been found t o  be acceptable for simultaneous 
digestion of up to 12 individual samples. 
evidenced by sorbent reflux w i t h i n  the vessel. 
I f  the  sampling t r a i n  uses an optional cyclone, the cyclone catch 

should be prepared and digested using the same procedures described 
fo r  the filters and combined with the digested filter samples. 

Sufficient heating is 

2. 

5.3 .2  Container No. 2 (Probe). Note the level of l i q u i d  i n  the container 
and confirm on the analysis sheet whether or not leakage occurred during 
t ranspor t .  I€' a noticeable amount of leakage has occurred, either void the 
sample or use methods, subject t o  the approval of the Administrator, t o  correct 
the f i n a l  results. 
t o  21 ml or gravimetrically t o  0.5 g. 

tared 250-1111 beaker and evaporate to dryness at  ambient temperature and 

pressure. 
the procedures described i n  Section 4.3 of Method 5. 
nearest 0.1 mg. 
combine the resultant sample including all l iqu id  and any particulate matter 
with Container No. 3 prior t o  beginning the following step 5.3.3. 

Measure the l i q u i d i n  t h i s  container either volumetrically 
Transfer the  contents t o  an acid-cleaned 

Desiccate for 24 hours and weigh to a constant weight according t o  

Report the results to the  

Resolubilize the  residue with concentrated nitr ic  acid and 
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5.3.3 Container No. 3 (Probe Rinse).  The pH of t h i s  sample shall be 2 or  

lower. 
n i t r i c  acid t o  pH 2 .  

the  beaker should be covered wi th  a ribbed watchglass. 

be reduced to approximately 50 ml by heat ing on a hot plate at a temperature 
just below boiling. 
depending on the results of the inspect ion,  perform one of the following. 
Par t icu la te  matter is observed, combine the sample d i r e c t l y  with the acid 

digested por t ions  of the f i l t e r  prepared previously i n  Section 5.3.1. If 

pa r t i cu la t e  matter is  observed, digest the sample i n  microwave vessels or Parp 
Bombs following the  procedures described i n  Section 5.3.1; then combine the 
resultant sample d i r e c t l y  with the acid digested portions of t he  filter prepared 

previously i n  Section 5.3.1. 
Frac t ion  1. 

rinse samples using Whatman 541 filter paper. 

appropriate volume for the expected metals concentration) with water. Measure 
and record the  combined volume of the  Fraction 1 solut ion t o  w i t h i n  0.1 ml. 
Quantitatively remove a 50 m l  al iquot  and l abe l  as Fraction 1B. 
remaining 250 m l  por t ion as Fract ion 1A. 

analysis. 

If the p H  i s  higher. the sample should be acidified with concentrated 
The sample should be rinsed i n t o  a beaker with  water and 

The sample volume should 

Inspect t he  sample for v i s i b l e  p a r t i c u l a t e  matter, and 

If no 

The resultant combined sample is referred t o  as 
F i l t e r  the combined solution of the acid d iges ted  f i lter and probe 

Dilute to 300 r n l  (or t h e  

Label the  

Fraction I A  is used for ICAF or AAS 

Fraction 1B is used f o r  the determination of f r o n t  half mercury. 

5.3.4 Container N o .  4 (Impingers 1-3) - Measure and record the  tota l  vol- 

ume of t h i s  sample t o  within 0.5 ml. 
sis and label  as Fraction 2B. 
analyzed as described i n  Section 5.4.3. 
3 should be labeled  Fract ion 2 A  and shall be pH 2 or lower. I f  necessary, use 
concentrated n i t r i c  acid t o  lower t h i s  f rac t ion  to pH 2. The sample should be 
rinsed i n t o  a beaker with water and the beaker should be covered with a ribbed 

watchglass. 
heat ing on a hot plate at  a temperaturecjust below boiling. 
of t he  digestion procedures described i n  Sections 5.3.4.1 and 5.3.4.2, below. 

Remove a 50 ml aliquot for mercury analy- 
The Fraction 2El aliquot should be prepared and 

The remaining port ion of Container No. 

The sample volume should be reduced to approximately 20 rnl by 

Then follow e i ther  
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5 . 3 . 4 . 2  Microwave Digestion Procedure. 

acid and heat fo r  6 minutes i n  intervals of 
the sample t o  cool. Add 10 ml of 3 percent hydrogen peroxide and heat for 2 

more minutes.  

Cool, f i l t e r  the sample, and d i l u t e  to 150 ml (or  the appropriate  volume f o r  the 

expected metals concentrations) with water. 

Add 50 m l  of hot water and heat f o r  an add i t iona l  5 minutes. 

Note: All microwave heating times given are approximate and are dependent 
upon the number of samples being digested at a time. 

above have been found acceptable fo r  simultaneous digestion of up to 12 
individual samples. 
the vessel. 

Heating times as given 

Sufficient heating is evidenced by so lvent  reflux within 

5 . 3 . 5  

Follow the analysis procedures described i n  Section 5.4.3. 
5.3.6 Container No. 6 ( S i l i c a  Gel). Weigh the spent silica gel (or silica 

Container No. 5 (Impingers 4 & 5). Measure and record the t o t a l  
This sample is referred t o  as Fraction volume of t h i s  sample t o  within 0 . 5  ml. 

3 .  

gel plus impinger) to the nearest 0.5 g using a balance. 
may be conducted i n  the field,) 

(This s t e p  

5 . 4  Sample Analysis. For each sampling t r a i n ,  five individual samples are 

A schematic identifying each sample and the prescribed generated for a n a l y s i s .  

sample preparation and analysis scheme is shown in Figure A-3. 
samples. labeled Fractions 1 A  and lB, consist of the digested samples from the 
front half of the t r a i n .  Fraction 1 A  is for  ICAP or  AAS ana lys i s  as described 

i n  Sect ions 5.4.1 and/or 5.4.2. 
mercury as described in Section 5 . 4 . 3 .  

The first two 

Fraction 1B is f o r  determination of f ron t  half 

The back half  of the train w a s  used to prepare the third through f i f t h  

samples. The third and fourth samples, labeled Fractions 2 A  and 2B, contain 

the digested samples from the H20 and NHO3/H2O2 hpingers 1 through 3 .  
2 A  is fo r  ICAP or AAS analysis. 

. 
Fraction 

Fraction 2B will be analyzed for mercury. 
The f i f t h  sample, labeled Fraction 3 ,  consists of the impinger contents and 

r i n s e s  from the permanganate Impingers 4 and 5 .  
mercury as described i n  Section 5.4.3. 
determined from the sum of Fraction 2B and Fraction 3.  

This sample is analyzed for 
The t o t a l  back half  mercury catch i s  

5.4.1 ICAP Analysis. Fraction 1 A  and Fraction 2A are analyzed by ICAP 

using EPA Method 200.7 (40 CFR 136, Appendix C ) .  

an analysis program as described i n  Method 200.7. 

procedures described in Section 7.3.1 of this method shall be followed, 

Calibrate the ICAP and set up 

The quality control 
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Recommended wavelengths for use in the  analysis are l i s t e d  below. 

Element WavelenRth 
Aluminum 308.215 

Barium 

Manganese 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

206.833 
193 696 
455.403 

The wavelengths listed are recommended because of t h e i r  s ens i t iv i ty  and overall 

acceptance. 
needed sens i t iv i ty  and are trea ted  with the same corrective techniques f o r  

spectral interference. 

Other wavelengths may be substituted if they can provide the 

I n i t i a l l y ,  analyze a l l  samples for the target metals plus i ron  and 

aluminum. 
t o  be d i lu ted  so that each of these elements is  at a concentration of less than 

50 ppm to reduce their spectral interferences on arsenic and lead. 

If iron and aluminum are present i n  the sample, the sample may have 

- Note: When analyzing samples in a hydrofluoric acid matrix, an alumina 
torch should be used: since a l l  f ron t  half  samples will contain hydrofluoric 
acid,  use an alumina torch. 

5.4.2 AAS by Direct Aspiration and/or Graphite Furnace. 
metals'in Fraction 1A and Fraction 2 A  using graphite furnace or direct 
aspiration AAS is des i red ,  Table A-2 should be used to  determine which 
techniques and methods should be applied for each target metal. 

should also be consulted to determine possible interferences and techniques to 

be followed f o r  their minimization. Calibrate the instrument according to 

Sect ion 6 . 3  and follow the quality control procedures specified i n  Section 

If analysis of 

Table A-2 

7.3.2. \ 

5.4.3 Cold Vapor AAS Mercury Analysis. Fraction IB, Fraction 3 ,  and 

Fract ion 2 B  should be analyzed for mercury using cold vapor atomic absorption 
spectroscopy following the method outlined i n  EPA Method 7470 or in Standard 

24 
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TABI,E A-2, APPLICABLE TECllNIQUES METIIOOS AND MINIMIZATION OF TNrEI:1311ENCE I'OR AAS ANAI,YSl S 

Metal 

Sb 

Sb 

As 

Ba 

Be t 
I 
cn lu 

u1 CI 

Be 

I 

I 

I 

! 
; 

i i 

Techn iqrrc 

4spi ra tioii 

4 

Furnace 

Furnace 

Aspira t ion  

Aspiration 

Furnace 

As p i  rat ion 

Furnace 

Aspiration 

Furnace 

Method 
No 

70'10 

704 1 

7060 

7080 

7090 

7091 

7130 

7131 

7140 

7191 

217.6 

217.6 

19397 

553 6 

234.9 

234 -9 

228 8 

228.8 

357 9 

357 * 9  

I rrtcrfei-ence 

1000 nlg/llll I'b 
Ni, O i l ,  or m i d  

High I'b 

Arsenic v o l a t i  - 
zat  i 011 

A l u m  i 11 i im 

Cal c i iinr 

Barium i o n i z a t i o n  

500 ppm A 1  
High Mg 6 S i  

Be in optical path 

Absorption 6 light 
scattering 

As above 
Excess chloride 
Pipet  t i p s  

Alkali metal 
Absorption & scatt 

200 mg/L calcium 
L phosphate 

ued) 

Minimization 

Use secondary wave1 cngli t of 231 . 1 nin. 
Match sample & standnt-ds m i d  concentration 
or use n i t r o u s  o x i  tltt/trc:e t.y 1 m e  t'l ame 

Secondary wave1 eirg L l i  o r  Xcemari co r rec t  i o n  

Spiked samples & add nickel t i1  trute solution 
to digestates prior Lo nrialyses 
Use Zeeman background correction 

tIigh hollow cothodc curreirt & narrow band set  
2 mL of KCI per I00 mL or sample 

Add 0.1% f l o u r i d e  
Use method of standard additions 

Optimize parameters to miminize effects 

Background correction is required 

As above 
Ammonium phosphate used as a matrix modifier 
Use cadmium-free t i p s  

KC1 i o n i z a t i o n  suppressant  i n  sample & s tand  
Consul t manufacturer ' s 1 i tera ture 

A l l  calcium n i t r a t e  for a know constant effect 
and to eliminate effect of phosphate 



TABLE A-2 (CON'I'I N U E D )  

t 
I m 
N 

Metal 

Cl I 

F e  

Pb 

i'b 

Mn 

Ni 

Se 

Technique 

k p i  rat i o n  

\s p i ra t ion 

i s p i  ra tion 

Furnace 

kpiration 

is p i  rat ion 

Furnace 

bpiration 

hspiration 

Furnace 

hspira t ion 

Method 
No. 

72 10  

7 380 

7420 

7/12 1 

7'160 

7520 

7740 

7760 

7840 

784 1 

7950 

$4 .7 

2118.3 

283 * 3 

283 3 

279 5 

232.0 

196.0 

328.1 

276.8 

276.8 

213.9 

-- 

In Lei- T wcnce 
Cause 

Contamination 

217.0 n m  a1 terns t 

Po0 r re c ovc r .i c! s 

352.11 nm nLturiwL 
Fe, Co, & Cr 
Nonlinear respons 
Voli ta l i  ty 

Adsorpt 6 scatter 

4 

Absorpt & scatter 
A g C l  insoluble 

viscosity 

Hydrochloric acid 
or chloride 

High Si, Cu it P 
Contamination 

Mini m i  za t i o n  

Great care token to a v i o d  ~ ~ o i ~ ~ , ~ ~ i i ~ i i ~ ~ t i . o i ~  

[lackground correction requl red 

Matrix modifier , add 10 ti!, 01' fdiosphot*us crci d 
to  1 - m t  of prepared sample i n  saaipler cup 

Brickground correct i o n  rcqu i red 

llackground correction requi reef 
Matrix matching or a nitrous-oxide/acety flame 
Sample dilution or use 352.11 nm l i n e  
Spike samples & reference materials & add nickel 
nitrate to minimize volatilization 

Background correction is required & Zeeman 
background correction can be u s e f u l  

Background correction is required 
Avoid hydrochloric acid unless  s i lver  is i n  
solution as a chloride complex 

Sample & standards monitored for apiration rate 

Background correction is required 
Hydrochloric acid should not  be used 

Background correction is required 
Verify that  losses are not occuring for 

Palladium is a suitable matrix modifier 
volitization by spiked samples or standad addt 

Strontium removes Cu arid phosphate 
Care should be taken to a v i d  conLamination 



Methods f o r  Water and Wastewater Analysis, 15th Edi t ion,  Method 303F. S e t  UP 

t he  ca l ibra t ion  curve as described i n  Section 7.3 of Method 303F. Add 

approximately 5 m l  of each sample to BOD bottles. 

added. The mount used is dependent upon the expected levels of mercury. 
Dilute  t o  approximately 120 ml with mercury-free water. 
ml of 5 percent potassium permanganate so lu t ion  t o  the Fract ion 2B and Fraction 

3 samples. 
sample 8s needed t o  produce a purple so lu t ion  l a s t i n g  a t  least 15 minutes. A 

minimum of 25 ml is suggested.  Add 5 ml of 50 percent n i t r i c  acid ,  5 ml of 
concentrated sulfuric acid, and 9 r n l  of 5 percent potassium p e r s u l f a t e  t o  each 
sample and each standard. 

(205OF) i n  a convection oven or  water bath for 2 hours,_ C?,"&. 
hydroxylamine hydrochloride s o l u t i o n  and mix the sample. 
stannous chloride t o  each sample and analyze immediately. -., 

Record t h e  amount of sample 

Add approximately 15 

Add 5 percent potassium permanganate so lu t ion  to the Fraction I3 

Digest the so lu t ion  i n  the  capped BOD b o t t l e  at 95OC 

Add 5 ml of 
* m u :  .: mi*& -- Then add 7 ml Ff 

. *-* c+cr%ent bb,'ptenm!n4;y ~~~ 

.: "' *.:.- "" *en fGimSfiy re!sz52d 
* . '--'.' '*t at this stage be , 3 S ~ r + ,  6. Calibration -*.'&'s.p 1 . .,-I. I . *  AcoqeY P o k y .  1' 1: i-.. 

- . b . - ~  :J* r .-..-,c3+ on j z  Maintain a laboratory log of all ca l ibrat ions .  --,= 
1 -  v!L= -:; .., - *--K? an;. ..;.:,- 

6.1 Sampling Train Cal ibra t ion .  Calibrate the  sampling t r a i n  components 
Probe Nozzle (Section 5.1); according to the indicated sections of Method 5: 

P i t o t  Tube (Section 5.2)  ; Metering System (Section 5 .3 )  ; Probe Heater (Section 
5 . 4 ) ;  Temperature Gauges (Section 5.5); Leak-Check of the Metering System 

(Section 5.6) ;  and Barometer (Sect ion 5 . 7 ) .  
6 .2  Inductively Coupled Argon Plasma Spectrometer Cal ibra t ion .  Prepare 

standards as out l ined  i n  Sec t ion  4.6.4. 
according t o  the instrument manufacturer's recommended procedures using t he  
above Ftandards. 

Profile and calibrate the i n s t r m e n t  

The instrument c a l i b r a t i o n  should be checked once per hour. 

I f  the instrument does not reproduce the concentrations of the standard within 
10 percent,  the complete calibration procedures should be performed. 

6 . 3  Atomic Absorption Spectrometer - Direct Aspiration, Graphite Furnace 
and Cold Vapor Mercury Analyses.  
4.6.5. Calibrate the spectrometer using these prepared standards. Calibration 

procedures are a lso  outlined i n  the P A  methods referred to i n  Table A-2 and i n  
Standard Methods for Water and Wastewater, 15th Edition, Method 303F ( for  

mercury). 
used to calculate the cal ibration l i n e .  The instrument should be recalibrated 

approximately once every 10 t o  12 samples. 

Prepare the standards as ou t l ined  i n  Section 

Each standard curve should be run i n  duplicate and the mean values 
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7 .  Quality Control 
7.1 Sampling. Fie ld  Reagent Blanks. The blank samples i n  Container 

Numbers 7 through 11 produced previously i n  Sections 5.2.7 through 5.2.11, 
respectively * shall be processed, digested, and analyzed as follows . Digest 

and process Container N o .  11 contents  per Section 5.3.1, Container No. 7 per 

Section 5 . 3 . 2 ,  and Container No. 8 per Sect ion 5.3.3. This produces Fraction 
B l a n k  1 A  and Fract ion Blank 1B. Digest and process Container No. 9 contents  

per Section 5.3.4. 
Container No. 11 contents  are Fract ion Blank 3.  Analyze Fract ion Blank 1 A  and 

Fraction Blank 2A per Sect ion  5.4.1 and/or 5.4.2. 
Fraction B l a n k  2B, and Fraction Blank 3 per Section 5.4.3. 
correct ion allowed t o  the field source sample value is the lesser of t h e  
following: (1) the actual blank value, or ( 2 )  the maximum blank cor rec t ion  
allowed per the Note i n  Section 8 . 4 . 3  and the Note in Section 8.5.2. 

This produces Fraction Blank 2A and Fract ion Blank 2B. 

Analyze Fract ion Blank IB, 
The m a x i m u m  

7.2 With pr ior  approval by the Administrator, an attempt may be made to 

determine i f  t h e  reagents used i n  Sec t ion  5.3 caused contamination. 

should be analyzed by the procedures i n  Section 5 . 4 .  Then t he  Administrator 
will determine whether or not  the l abora tory  blank values can be used i n  the 
ca lcu la t ion  of the  s t a t iona ry  source test results. 

They 

7.3 Quality Control Samples. The following qua l i ty  cont ro l  samples should 

be analyzed. 
7.3.1 ICAP Analysis. Follow the quality control shown i n  Sec t ion  8 of 

Method 6010. 
have been modified t o  include the fol lowing:  two instrument check standard 

runs, two calibration blank runs, one interference check sample at the 

beginning of the analysis (must be within 25% or analyze by standard addition), 
one qu'ality cont ro l  sample t o  check the accuracy of the'calibration standards 

(must be within 25% of cal ibrat ion) ,  and one duplicate analysis (must be within  

5% of average or repeat all analysis). 

For t he  purposes of a three run test series, these requirements 

7+3.2 Direct Aspiration and/or Graphite Furnace AAS Analysis for Antimony, 
Arsenic, Barium, Beryllium, Cadmium, Copper, Chromium, Lead, Nickel, Manganese, 

Mercury, Phosphorus, Selenium, Silver,  Thallium, and Zinc. All samples should 
be analyzed i n  dupl ica te .  Perform a matrix spike on one front half sample and 

one back half sample or one combined sample. 
percent or greater than 125 percent are obtained for the matrix spike, analyze 

each sample by the  method of additions. 

If recoveries of less than 75 

A quality control sample should be 
28 
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analyzed t o  check standards . The results must 
be within 10% o r  the c a l i b r a t i o n  repeated. 

7 . 3 . 3  Cold Vapor AAS Analysis f o r  Mercury. All samples should be analyzed 
i n  dupl icate .  
of the calibration standards (within 10% or repeat c a l i b r a t i o n ) .  

matrix spike on one sample from the n i t r i c  impinger por t ion  (must be within 25:: 
o r  samples must be analyzed by the method of standard add i t ions ) .  
information on quality con t ro l  can be obtained from EPA Method 7470 or i n  
Standard Methods fo r  Water and Wastewater, 15th Edi t ion,  Method 303F. 

A qua l i ty  con t ro l  sample should be analyzed t o  check t he  accuracy 
Perform a 

Additional 

8. Calculations 

dry gas sample volume a t  standard conditions as outlined i n  
Method 5. 

8.2 Volume of Water Vapor and Moisture Content. Using 

from this test, calculate the volume of water vapor V,(,td) 

content BWs of the stack gas. Use Equations 5-2 and 5-3 of 
8.3 Stack Gas Velocity. Using the data from this test 

Method 2 ,  c a l c u l a t e  the average stack gas veloci ty .  
8 .4  Metals (Except Mercury) i n  Source Sample. 

8.1 Dry G a s  Volume. Using t h e  data from t h i s  test ,  ca l cu la t e  Vm(sta), the 

Section 6.3 of 

the  data obtained 
and the moisture 
Method 5. 
and Equation 2-9 of 

8 .4 .1  Fract ion lA, Front Half, Metals (except Hg). Calculate the amount 
of each metal collected in Fraction 1 of the sampling t r a i n  using the following 

equation: 

where : 

Mf+ = 

c, = 

F b  = 

Vsoln = 

Eq. 1 

t o t a l  mass of each metal (except Hg) collected i n  the 
f ron t  half of the sampling train (Fraction 1). ug, 
concentration of metal in sample Fraction 1 A  as read from the  
standard curve (ug/ml). 
d i l u t i o n  factor ( F b  = the inverse  of the f r a c t i o n a l  port ion Vconc-p 
i n  Vconc. 
produce t he  reading which is C,. V,,nc is either a pure or a 
d i l u t e d  so lu t ion  of Frac t ion  1A. When VC,,, has been di lu ted  to 
bring i t  into the  analytical range based on the ca l ib ra t ion  of the 
instrument, VConc w i l l  have the following two portions: VconcTd* 
which is the diluent solution, and V which is the original 
Fracti'on 1 A  solution. 
is from 2 t o  10 ml, the f r a c t i o n a l  port ion Vconc-p ( 2  ml) i n  Vconc 

total volume of digested sample so lu t ion  (Fract ion l)* ml, 

Vconc is the solution ac tua l ly  used i n  the instrument t o  

For example, %;:-fie dilution of Fraction 1 A  

(10 ml) is l/5. and F h  = 5). 
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Lfid sho:ld not at thlr stage oe c31s:tuci 
'U r e r e s m t  Ageno) policy, tt .:, auirg 
urcula:ed tot convnent on its taihrl iu'  

8.4.2 Fract ion Z A ,  Back H ~ ~ ; ~ ~ ~ ~ ~ P ' l i ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~  Calculate the amount of 
each metal co l l ec ted  i n  Fraction 2 of the sampling train using the following 

equation. 

Mbh = 'a Fa 'a 
where : 

Eq. 2 

Mbh = t o t a l  mass of metal (except Hg) collected i n  the back half 
of the sampling train (Fraction 2 ) ,  ug. 

C, = concentration of metal in sample Fraction 2.4, as read from the 
standard curve (ug/ml). 

Fa = aliquot factor ,  volume of Fraction 2 divided by volume of a l i q u o t  
Fraction 2A. 

V, = volume of sample aliquot analyzed (concentrated Fraction 2 A ) ,  ml. 

8 . 4 . 3  Total  Train, Metals (except Hg). Calculate the total amount of each 

of the quantified metals c o l l e c t e d  in the sampling t r a i n  as follows: 

where : 

M, = total mass of each metal (separately stated for each metal) collected 
in the sampling tra in ,  ug. 

f ie ld reagent blank, ug. 

field reagent blank, ug. 

Mfb = blank correction value of mass of metal detected in front half of 

Mbb = blank correction value of m a s s  of metal detected i n  back half of 

Note: 

for the front half and 1. ug for the back half, or 3 ug fo r  an analysis of the 
so lut ion resul t ing  from combining Fraction 1A and Fraction 2A;* or 5% of the 

average mass fo r  the correponding fraction of the sampling t r a i n ,  whichever is 

The maximum value of field reagent blank that may be subtracted is 2 ug 

greater. 
8.5 Mercury i n  Source Sample. 
8.5.1 Fraction lB, Front Half, Hg. Calculate the amount of mercury 

collected in the front half, Fraction 1, of the sampling t r a i n  using the  

following equation: 

4 

Eq. 4 

*In combining Fractions 1 A  and 2A, proportional aliquots must be used. 
Appropriate changes must be made in Equations 1-3 to ref lect  th is  approach. 
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where : 

- t o t a l  mass of mercury collected i n  t h e  f ront  half  of the sampling Hgfh - 
t r a i n  ( F r a c t i o n  l), ug. 

C = quantity of mercury i n  analyzed sample, ug. 
Vsoln = t o t a l  volume of digested sample s o l u t i o n  ( F r a c t i o n  1). ml, 

Note: Vbf is the actual amount of Fraction 1B analyzed. For example, if 1 mi of 
Fraction 1B were di lu ted  t o  I00 ml  t o  bring i t  into t h e  proper analytical range, 

Vbf would be 0.01, etc. 

Calculate the amount of 
mercury c o l l e c t e d  in F r a c t i o n s  2I3 and 3 using Equations 5 and 6, respectively. 
Calculate the t o t a l  amount of mercury collected i n  t h e  back half of the s a p l i n g  

t r a i n  using Equation 7. 

Vbf = volume of F r a c t i o n  1B analyzed, ml. See t h e  following Note. 

- 

8 . 5 . 2  Frac t ion  2B and Fraction 3 ,  Back H a l f ,  Hg. 

where : 

Hg( FZB) = 
C =  

Vbb2 = 

total mass of mercury collected in Fraction 2 ,  ug. 
quantity of mercury in analyzed sample, ug. 
volume of Fraction 2B analyzed, ml (see Note i n  
Section 8.5.1). 
t o t a l  volume of Fraction 2 ,  ml. 

where: 

Hg(F3i = total mass of mercury collected in Fraction 3 ,  ug. 
= q u a n t i t y  of mercury i n  analyzed sample, ug. 

Vbb3 = volume of Fraction 3 analyzed, r n l  (see Note in 
Section 8.5.1). 

Vsoln = total volume of Fraction 3 ,  ml. 

where : 

Eq. 6 

Hgbh = t o t a l  m a s s  of.rnercury collected in the back half of the sampling 
t r a i n ,  ug. 



8.5.3 Total Train  Mercury Catch. C&z~..ate, the t o t a l  amount of mercury 
.- -4w2.l- '- .*,. - . _ I ,  -- 

collected in the sampling t r a i n  using Equation 8. 

+ Eq. 8 

where : 

Mt = t o t a l  mass of mercury collected i n  the sampling train, ug. 
Hgfb = blank correction value of m a s s  of mercury detected in the f r o n t  ha l f  

Hgbb = blank coi-rection value of mass of mercury detected in the back 
of the f i e l d  reagent blank, ug. 

half of the field reagent blank, ug. 

- Note: 
for  the front half and 2 ug for  the back ha l f ,  or 3 ug fo r  a combined front  
half/back half analysis; or 5% of the average m a s s  of mercury for  the 
correponding fraction of the sampling train: whichever is greater. 

The m a x i m u m  value of f i e l d  reagent blank t ha t  may be subtracted i s  1 ug 

8.6  Metal Concentration of Stack Gas.  Calculate the cadmium, total  

chromium, arsenic, nickel, manganese, beryllium, copper, l ead,  phosphorus, 
thallium, silver, barium, zinc, selenium, antimony, and mercury concentrations 
in the stack gas (dry b a s i s ,  adjusted to  standard conditions) as follows: 

C, = K4 

where : 

C, = concentration of each metal i n  the stack gas, mg/dscm. 
K4 = 10-3 mg/ug. 
M, = total mass of each metal collected in the sampling train, ug. 

Vm(std) = volume of gas sample as measured by the dry gas meter, corrected 
to dry standard conditions, dscm. 

1 

8.7 Isokinetic Variation and Acceptable Results. Same as Method 5. 
Sections 6.11 and 6.12, respectively. To calculate the average stack gas 

velocity, use Equation 2-9 of Method 2 and the data from this field test, 
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Appendix K: Calibration Equations 



CALCULAT I OH EQUATIONS 

METHOD 2 

= 60 v, A Qa 

RH* 

- 2  P,M, - 4.585 x 10 
c 

T, ( a w l  

*A1 ternate equations for cal cul a t 1  ng moi  sture content from wet bul b and 
dry buld  data.  

K- 1 



A 

SYMBOLS 

= Cross sectional area o f  stack, Sq.  FT, 

An 

BWS 

cP 

Ca 

CS 

EA 

Y 

Gd 

I 

Md 

9 
0 

"P 

MP 

Pbar 

= Cross sectional area of nozzle, Sq. FT. 

= Water vapor in gas stream, proportion by volume 

= P i t o t  t u b e  c o e f f i c i e n t ,  dimensionless 

= Concentration o f  particulate matter in stack gas, 
wet basis ,  GRfACF * 

= Concentration of particulate  matter i n  stack gas, dry 
basis, corrected to standard conditions, GR/DSCF 

= Excess air ,  percent by volume 

= Dry test meter correction factor,  dimensionless 

= Specific gravity (relative to air) ,  dimensionless 

= Isokinetic var ia t ion ,  percent by volume 

= Molecular weight o f  stack gas, dry basis, g/g - mole. 
= Mass flow of wet flue gas, LB/HR 

= Particulate mass f l o w ,  LB/HR 

= Molecular weight of stack gas, wet basis, g/g, mole. 

= Total amount o f  particulate matter collected, g 

= Atmospheric pressure, IN. HG. (uncompensated) 

= Stack s t a t i c  gas pressure, I N .  WC. 

- .  . . ; . . .  . . .>.  . , - ' . Y ,  - .  . . . .  . *  

. .  _ . '  . -. K-2 . . 



PS = Absolute pressure o f  stack gas, I N J I G .  

Pstd = Standard a b s o h t e  pressure, 29.92 IN. HG. 

Aa = Actual volumetric stack gas f l o w  rate, ACFM 

Qs ,d  = Dry volumetric stack gas f l o w  rate corrected t o  standard 
condi t ions  , DSCFX 

RH = R e l a t i v g  humidity, Z 

Td b = Dry b u l b  temperature o f  stack gas, *F 

TW !3 = Wet b u l b  temperature o f  s tack gas, OF 

T, (avg)  = Absol U t e  average stack temperature, OF 

Tstd = Standard absolute  temperature, 528 OF (68 O F )  

0 = T o t a l  sampling time, min,  

V l  C = Total volume o f  l i q u i d  collected in impingers and 
s i l i c a  ge l ,  m l  

VRI = Volume o f  gas sample as  measured by dry gas meter, CF 

V,(,td) = Volume of gas sample  measured by the  dry gas meter 
corrected to standard conditions DSCF 

V,(,td) = Volume o f  water vapor in the gas sample corrected t o  
standard condi t ions,  SCF 

- 
V S  = Average actua l  stack gas velocity, FT/SEC 

VPtdb = Vapor pressure a t  Tdbs I N ,  HG. 



VPtwb = Vapor pressure a t  T,b. I N .  HG 

- 
AH = Average pressure differential across the o r i f i c e  

meter, IN, W C ,  

A? = Yelocity pressure o f  stack gas1 IN, WC. 

Y = Dry t e s t  meter correction c o e f f i c k n t ,  dimensionless 

P = Actual gas density, LS/ACF 

K-4,  . .  



CALCULATION EQUATIONS 

METHOD 3 

10O(XO2 - ) * S X  co)  
,2643 N3 - XO, + 0.5% CO XEA 0 

L c 

= O.44(%COz) + 0.32 (%02) + 0.28 (%N2 + ZCO) Md 

- - %( std)  

P ( s t d )  'm(std) 

K-5 . . .  . . . . . .- . . . . . .  , , .  . . .  



CALCULATION EQUATIONS 

METHOD 5 

Pbar + s/13.6 
= 17.65 V,y ( 1 

'rn( std) Im(avg) 

= 0.0472 VIs 'w( s t d )  

I 

c* 

- - vw( s td )  

'w( std) + 'rn( std) 

= 0,0944 (p Ts ( avg) "m( - std) ) I  
s v s  A" u % 

15-43 M - I 
%( std) 

272.3 MD P, - I r -  

T s (  avg) ('w(stdf "m(std)) 

(rhp)l = 8.5714 x loa3 C, Qs,,, 

1-3228 x log1 M, A 
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SYMBOLS 

A 

8,s 

CP 

Ca 

CS 

€A 

Y 

I 

W 

mp 

Pbat 

= Cross sect iona l  area o f  stack, SQ. FT. 

= Cross sectional area o f  nozzle, Sq. FT. 

= Water vapor in gas stream, proportion by volume 

= Pitot tube coefficient, dimensionless 

= Concentration o f  particulate matter i n  stack gas, 
wet basis, GR/ACF 

= Concentration of particulate matter i n  stack g a s ,  dry 
bas is ,  corrected to standard conditions, GR/DSCF 

= Excess a ir ,  percent by volume 

= Dry t e s t  meter correction factor, dimensionless 

= Specific gravity (relative to air), dimensionless 

= Xsokinetic variat ion,  percent by volume 

= Molecular weight o f  stack g a s ,  dry basis, g/g -.mole. 

= Mass f l o w  o f  wet f l u e  gas, l B / H R  

= Particulate mass f l o w ,  LB/HR 

= Molecular weight of stack gas, wet basis, g/g, mole, 

= Tota l  amount of particulate matter collected, g 

= Atmospheric pressure, IN HG. (uncompensated) 

= Stack s t a t i c  gas pressure, IN. WC. 
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PS = Absolute  pressure o f  s t a c k  gas, I L H G .  

P s t d  = Standard  absolute  pressure, 29.92 IN. HG. 

Aa = Actual volumetric stack gas flow rate ,  ACFM 

Qs ,d  = Dry volumetric s t a c k  gas f l o w  ra te  corrected t o  standard 
condi t ions , DSCFX 

RH = R e l a t i v e  humidity, Z 

Tdb = Dry bulb temperature o f  stack gas, OF 

TWb = Wet b u l b  temperature o f  s t a c k  gas,  O f  

T,cavg) = Absolute average d r y  gas m e t e r  temperature, 02 

TS(avg)  = Absolute average stack temperature, O F  

Tstd = Standzrd abso lu te  temperature, 528 O F  (68 OF) 

8 = Total sampling time, min, 

V l  C = T o t a l  volume of l i q u i d  collected in impingers and 
s i l i c a  gel ,  m1 

- Vm = Volume o f  gas sample as measured by dry gas meter ,  CF 

V m ( s t d )  = '(olume o f  gas sample measured by the dry gas meter 
corrected to standard conditions, DSCF 

V,(std) = Solurne o f  water vapor in the gas sample corrected t o  
standard conditions, SCF 

- 
V S  = Average actua l  s t a c k  gas velocity, FT/SEC 

W d S  = Vapor pressure a t  Tdb, IN. HE, 
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W w b  = Vapor pressure a t  T,b, IN, HG 

OH = Average pressure d i f f e r e n t i a l  across the  or i f i ce  
meter, I N .  K. 

AP 

Y 

P 

= Velocity pressure of stack gas, IN. 9C. 

= Dry t e s t  meter correction coef f ic ien t ,  dimensionless 

= Actual gas density, LS/ACF 

. .. 
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CALCU LAT I ON EQUAT 1 ONS 

Calculation Equations f o r  Gas Concentrations 

Dry Standard Volume (Vstd) 

where: Vm = volume of gas as recorded on d r y  test meter in CF 

from ca I ibration against  standard wet test meter, 
dimensionless 

= correction coefficient o f  d r y  t e s t  meter derived 

Pb = barometric pressure in IN. HG. 

= average temperature o f  gas in d r y  test mete? i n  
I - 0 fi trn 

Gas Concentration o f  Component i ( C i l  

A3531 mi Ki - ci - 
%d 

where; Ci = concentration of  gas i n  MG/DSCM . .  
I 

i '  
m = t o t a l  amount of corresponding ion in t he  colleeted 

samples as reported by laboratory i n  pg. .% 

Ki = stoichiometric conversion from ion t o  gas f o r  
component i (Ki-HF = 1 .O5306, KiZHCI = 1.02843, 

K i  =H~SOI+ 

c 

= 1.02099, Ki-NHS - = 0.94412) 

K- 10 
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I 

Gas Concentration i n GR/DSCF 

GR/DSCF = 4.3705 x Ci 

Gas Concentration i n  PPM-DRY 

24.04 Ci 

M i  
PPM-DRY = 

I 

where : Mi = molecular weight o f  component o r  gas i 

= 98.076, (Mi=HF = 20.006, Mi=HCI = 36.461, 
= 17,031) i =NH3 M 

Gas Emission or Mass Rate k) I 

61 i = 8.5714 x loo3 (GR/DSCFI(QSld) 

h i = mass or  emission rate of gas i in LB/HR 

GR/DSCF = concentration of  gas i i n GR/DSCF, and ' 

' .where: 

= dry standard volumetric flow rate at point of  
, Q ~ # d  concentration measurement in DSCFM 

K - 1 1  CE9-2 



Method 25A 

-. . Total Gaseous Organics Calculation Equatlons 

GR C/SCF = 2.180 x 10.' (ppm,w) 

GR C/OSCF = 2.180 x 10'' (ppm,w)/(l-MC/lOO) 

LB C/HR = 8.5714 x 10'' (GR/DSCF) (DSCFH) 

where: . 

GR C/SCF = grains of total gaseous organics as carbon per actual 
(wet) standard cubic foot 

GR CfDSCF = grains o f  total gaseous organics as carbon per dry 
standard cubic foot 

LB C/HR = pounds o f  to ta l  gaseous organics as carbon emitted 
hour 

Note 1: 

Note 2: 

The Ratfisch Model RS 55 Heated FID Analyzer as &mnally 
operated with a heated filter, sample line and heated 
detector oven gives ppm,w. 

ppm,C = ppm as carbon = 3(ppn propane) 
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CALCULATION OF PAH EMISSION RATES 

i n  g/sec and lO-'g/sec 

m ( d g / s e c )  = 4.716 x 10"' C,(ug/rn3) Q,,d(DSCFM) 

where : 

Q, = ug/dsrn3 

K-13 



CALCULATIW OF DIOXIN EnISSION RATES 

I n  g/sec and 10Dag/scc 

= 4.716 x 10'" C,(ng/d) Qt,d(DSCFM) 

m ( d g / s e c  = 4.716 x 10'' C,(ng/d) Qs,d(DSCFM) 

where: 

Qs = ng/dsm3 

0s.d = DSCF/MIN 

K- 14 



1. CONCENTRATION (ug/Nm3) 

where Vm = Exhaust gas volume through meter (DSCF) ' 

2. EMISSION RATE flb/Cr) 

where DSCFM = Volumetric I low rate In the source 

K-15 



Appendix L: Sampling Train Calibration Data 



































Interpol 1 Laboratories, Inc. 
(612) 786-6020 

Nozzle Calibration 
Oata Sheet 

Date o f  Calibration: 10-26-92 

Technictan: Duane Van Hoever 

Nozzle : Glass 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

point  i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are shown below. 

Posi t 1 on Diameter 

( 1  nches 1 

2 .238 

3 240 

Average : 239 

1-18 



Interpol 1 Laboratories, Inc. 
(612) 786-6020 

Notrl e Call brat i on 

Data Sheet 

Date o f  Calibration: 10-26-92 

Techni c i  an: Ron Rosenthal 

Non 1 e Nunber mrrb-4 

The nozzle i s  rotated i n  60 degree increments and the diameter at each 

point i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are shown below. 

Positton Diameter 

(inches 1 

1 .234 

2 234 

Average : .234 
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Interpol 1 Laboratories, Inc .  

(612) 786-6020 

Nozzle Calibration 
Data Sheet 

Date o f  Cal i bra t  i on : 10-26-92 

Technician: Gary Hove 

Nozzle Number 22-8 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

point i s  measured t o  the nearest 0.001 inch. The observed readlngs and 
average are shown below. 

Position Diameter 

(inches 1 

1 244 

2 245 

3 243 

Average: 244 

t - 2 0  



















Appendix M: Statement of Work for Field Testing and Analytical Services 



September 30, 1992 
Attachment to PR B84855 

STATEMENT OF WORK 

FOR 

FIELD TESTING AND ANALYTICAL SERVICES 
IN SUPPORT OF THE BINDER ENHANCED dRDF 

BIG STONE, SD PLANT 
(b-dRDF)/COAL TEST PROGRAM AT THE 

1. INTRODUCTION 

1.1 BACKGROUND 

The National Renewable Energy Laboratory (NIIEL) and Argonne National Laboratory 
(ANL) under the sponsorship of the U.S. Department of Energy will conduct, with the 
participation of the private sector, co-combustion testing of b-dRDF and coal blends in a 
commercial-scale cyclone fired boiler. 

These tests are planned to be conducted at Otter Tail Power Company's 440 MWe power 
generation facility located in Big Stone City, South Dakota during the October 19-30,1992 time 
period. 

The combustion test will consist of two different operating conditions to be conducted over 
a two day period. Each test day will be of at least 10 hours duration. During each test day, 
Interpoll Laboratories, Inc. shall sample and analyze the flue gas emissions, and analyze the ash 
residue and feedstock samples. The ash residue and feedstock samples will be collected and 
delivered to Interpoll Laboratories test personnel by others. 

Only one (1) mobilization will be required since the two-day test program will be conducted 
on consecutive days. 

The principal product of the test program will be a report containing test data from flue gas 
emission tests, the ash residue analyses and the feedstock composition analyses. This report will 
be submitted by Interpoll Laboratories to NREUANL for review and approval consistent with the 
schedule shown in Section 3. Testing requirements are given in Sections 2.1.1,2.1.2 and 2.1.3. 

1.2 STUDYOBJECTIVE 

The objective of this test program is to conduct air emission, ash residue and feedstock 
tests and analyses of co-fired blends of b-dRDF and coal in SL commercial-scale cyclone boiler. 
These test results will allow private industry and/or the electric utility industry to develop 
operating, technical and financial data which will enhance and expand the productive commercial 
use of b-dRDF as an alternative fuel product. These test data will also allow state regulatory 
agencies to evaluate methods for permitting and monitoring such units in the future and will 
provide a data base for equipment manufacturers. 

M- 1 



2. TESTING REQUIREMENTS 

2.1 SAMPLING AND ANALYSIS METHODOLOGY 

The manual and instrumental emission determinations shall be conducted according to the 
provisions of standard EPA methods cited in CFR Title 40, Part 60, Appendix A (revised July 1, 
1990) and other special purpose EPA methodologies reported elsewhere in the literature. All data 
shall be calculated and reported in units as specified in the above-cited references. 

The sampling and emission determinations will be conducted jointly by Otter Tail Power 
Company/ANL personnel and Interpoll Laboratories. The flue gas sampling and emission 
determinations to be conducted by Interpoll Laboratories is described in Section 2. I. 1. The ash 
residue and feedstock samples will be collected by Otter Tail Power and ANL personnel and 
delivered to Interpoll Laboratories for analysis. The ash and feedstock analysis is given in Section 
2.1.2 and 2.1.3, respectively. 

2.1.1 Stack Gas Sampling and Analysis 

The following determinations shall be performed on each of the two (2) consecutive 10- 
hour test days. 

All emission levels shall be reported as 7% 02* dry basis. Emission rates will be reported 
in units of l b h r  and lb/MMBTU, Dioxindfurans shall be measured as total tetra through Octa- 
chlorinated dibenzo-p-dioxins and dibenzofurans with units of nddscm. Where not specifically 
noted, otherwise a minimum of three (3) determinations shall be made for each item in Section 
2.1.la through 2.1.10. For those elements not detected, detection levels shall be calculated and 
reported. 

a. 

b. 

C. 

d. 

e. 

f. 

h. 

C@ and 02 concentrations and emission rate (for C@ only)- EPA Method 3A. 

CO concentration and emission rate - EPA Method 10. 

Gas moisture content (nine determinations) - EPA Method 4. 

Particulate (including condensables) concentration and emission rate (three (3) one-hour 
determinations ) - EPA Method 5. 

SQ concentration and emission rate - EPA Method 6C. 

oxides of nitrogen (NOx) concentration and emission rate - EPA Method 7E. 

Dioxins and furans (PCDD and PCDF) concentration and emission rate (three (3) two- 
hour determinations (ca.2m3) using an EPA MM5 semi-volatile sampling train with 
purified XAD-2 resin shall be made. One (1) field-biased sampling train blank will also 
be recovered. Confirmation of 2,3,7,8-TCDD isomer shall be made - EPA Method 
23, 

Polynuclear aromatic hydrocarbons (PAH) concentration and emission rate. Each 
sample shall be analyzed for the following PAHs: 

Acenapthene 
Acenapthylene 
Anthracene 

M-2 



a 

0 

Benzo-a-anthracene 
Benzo-a-p yrene 
Benzo-b, k-fluoranthene 
Benzo-g, hi, i-perylene 
Chrysene 
Dibenzo-a, h-anthracene 
Fluoranthene 
Fluorence 
Indeno - 1,2,3-g, d-pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

EPA Method 8270 will be used for analyzing the PAH aliquots. 

1. 

jg 

k. 

1. 

m. 

Polychlorinated Biphenyls (PCBs) concentrations and emission rates. Each sample 
(minimurn of three) shall be analyzed for the congeners Mono through Deca (10 
congeners). 

Total chlorine (Ct) and hydrogen chloride (HCl), hydrogen bromide (HBr) and 
hydrogen fluoride (WF) concentration and emission rate (three (3) one-hour 
determinators) - EPA Method 26. 

Benzene, Toluene and Xylene (BTX) concentrations and emission rates (minimum of 
three samples) - EPA Method 18, Section 7.4. 

Total hydrocarbons (THC) concentration and emission rates - EPA Method 25A. 

Trace metals concentration and emission rates (three (3) two-hour determinations) using 
a Multi-Metal Modified Method 5 (4M5) samplhg train. One field-biased blank will be 
collected, recovered and analyzed with the field samples - EPA Method 29. 

Metals to be analyzed are: 

Arsenic 
Beryllium 
Cadmium 
Chromium 
Lead 
Mercury 
Nickel 

4 Antimony 
Barium 
Copper 
Selenium 
Silver 
Thallim 
Zinc 

n. Opacity in percent. Three (3) 6-minute determinations by an EPA-certified reader - 
EPA Method 9. 

0 .  Stack gas velocity and volumetric flow rate shall be determined - EPA Method 2. 
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p. A drawing shall be prepared showing the following: 

number of traverse points 

ductdiameter 

location and number of test ports 

number of traverse points per traverse 

q.  Continuous emission testing shall be conducted for the following emissions: 
S02, N&, THC, CO, C@ and 02. 

2.1.2 Ash Analysis 

Bottom ash and flyash samples will be collected during the two (2) test periods by Otter 
Tail Power Company/ANL personnel. These samples will be delivered to Interpoll Laboratories 
test personnel for analysis. The ash samples shall be analyzed for total composition, leaching 
potential (TCLP) and physical characteristics. 

2.1.2.1 Compositional Analysis 

Two (2) samples of bottom ash and three (3) samples of flyash for each test day 
(a total of ten (10) samples) will be submitted to Interpoll Laboratories for analyses. The following 
determinations shall be made: 

4 Arsenic 
Beryllium 
Cadmium 
Chromium 

9 Lead 
Mercury 
Nickel 
Antimony 
Barium 
Copper 
Selenium 
Silver 
Thallium 
zinc 
Chlorides 
Sulfates 
PCDDKDF 

Interpoll Laboratories shall analyze the three (3) flyash samples submitted each test 
day (a total of six (6) samples) for total tetra-through octa-chlorinated dibenzo-p- 
dioxins and dibenzofurans. 

MineralAnalysis 

Interpoll Laboratories shall analyze the two (2) bottom ash samples and three (3) 
flyash samples submitted each test day (a total of ten (lo) samples for the 
following: Si@, Al2O3, K20. TiO2, MgO, Fe2O3, Fe304 Na20, ZnO, so3, 
P2O5, BaO, and CaO. This analysis shall be expressed as a weight percentage on 
an "as received" basis and "dry" basis. 
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2. i .2.2 Leaching Potential (using TCLP test method) 

Two (2) samples of bottom ash and three (3) samples of flyash for each test day 
(a total of ten (10) sampies) will be submitted to Interpoll Laboratories for analyses. The following 
determination shall be performed on the TCLP leachates for: 

Arsenic 
Beryllium 
Cadmium 
Chromium 
Lead 
Mercury 
Nickel 
Antimony 
Barium 
Copper 
Selenium 
Silver 
Thallium 
ZL,: 
pH of ash and pH of leachate produced by the leach test 

Chlorides 
Sulfates 
Total. dissolved solids (TDS) 

Alkalinity 

2.1.2.3 Ash Physical Characteristics 

Two samples of bottom ash and three (3) samples of flyash for each test day (a 
total of ten (10) samples) will be submitted to Interpoll Laboratories for analyses. The following 
determinations shall be performed: 

Moisture content 
Percent combustibles 

2.1.3 Feedstock Analysis 

For the coal only test day coal samples will be collected from the conveyer belt at one-hour 
intervals by Otter Tail Power/ANL( personnel. These samples will be cornposited into three 
samples and delivered to Interpall Laboratories for analysis. 

For the blended fuel, test samples of each fuel type (b-dRDF and coal) will be collected 
individually from their respective conveyor belts at one-hour intervals by Otter Tail PowerIANL 
personnel. These samples will be cornposited into three samples for each fuel type and delivered to 
Interpol1 Laboratories for analysis. 

A total of nine (9) feedstock samples will be delivered to Interpoll Laboratories for 
analysis. The following determinations will be performed on each of the fuel samples submitted: 

M- 5 



9 Ultimate and proximate analysis. All elements expressed as percentage by weight on "as 

High heating value (HHV) and bulk density. HHV in BTUAb and bulk density in Wft. 
received" basis and "dry basis". 

Total chlorine (presented as an element of the ultimate analysis) 
8 Ash fusion temperature (8-point) 

Trace metals content. These metals shall include those metals given in Section 2.1.h. 

3. REPORTING REQUIREMENTS 

Interpoll Laboratories shall prepare a detailed report summarizing the results of the air 
emission, ash analyses and feedstock analyses. A draft copy of the report shall be submitted two 
(2) months after completion of the on-site tests. Five ( 5 )  copies of the final report shall be 
submitted by Interpoll Laboratories one (1) month after receipt of the approved or corrected draft 
report from NREUANL. 

The report shall consist of the following elements: 

a. Executive Summary 
b. Tests Results Summary 
C. 
d . 
e. Results of Feedstock Determinations 
f. Appendices: 

Results of Individual Air Emission Determination 
Results of Ash Residue Determinations 

1. Sampling and analytical procedures used (including detection levels) 
2. Field data sheets and notes 
3. Laboratory data and reports 
4. Calculation equations and report nomenclature 
5. Quality assurance data (claim of custody, etc.) 

4. ITEMS TO BE FURNISHED BY BIG STONE, SD PLANT 

Interpol1 Laboratories will not be responsible for facility modifications necessary to conduct 
the air emissions sampling tests. However, Interpoll shall indicate in writing to NREWANL, at 
least one-month prior to the scheduled tests what modifications are needed to facilitate testing 
activities. 

5. OTE-IER DOCUMENTATION R E Q W  TO BE FURNISHED BY 
l"ERFOLL, LABORATOR.IES * 

Interpoll Laboratories shdl submit to NREUANL at least one-month prior to the scheduled 

A copy of the corporate Health and Safety Plan consistent with the requirements of 
EPA's Occupational Health and Safety Manual and other applicable EPA safety 
guidance. 

tests the following documentation: 
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A copy of the corporate Quality AssurancdQudity Control Plan 
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Appendix N: Quality AssurancdQuality Control Plan 



Interpol 1 Labciratori e s ,  rnc. 
4500 Ball Road, N.E. 

C l  rcle Pines,  M I  nnesota 55014 

Telephone (612)766-6020 

INTERPOLL LABORATORIES 

QUALITY ASSURANCE/ 
QUALITY CONTROL 

Verslon 5.01 
January 2, 1992 

Total Number o f  Revisions 3 
Date o f  l a s t  revision January 2. 1992 

QA Plan approved by: 

Ben A. Addle, 
Quality Control O f f i c e r  
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I n t e r p o l  1 L a b o r a t o r i e s ,  when o r i g i n a l  1 y founded i n  1973, was dedicated t o  

p rov id ing  comprehensive a i r  p o l l u t i o n  t e s t i n g  s e r v i c e s .  I n i t i a l  c a p a b i l i t i e s  in 

s tack  t e s t i n g  and ambient a i r  q u a l i t y  and meteorological  m o n i t o r i n g  expanded 

r a p i d l y  due t o  s t rong support  from local i n d u s t r y .  P a r t i c l e  s i z i n g ,  atmospheric 

d i spe rs ion  modeling and fuel analysis were soon added t o  the  growing l i s t  o f  

a v a i l a b l e  serv ices .  Cont inued expansion o f  our c l i e n t  base and t h e  need o f  

i n d i v i d u a l  c l i e n t s  f o r  more and more s o p h i s t i c a t e d  chemical  a n a l y s i s  l e d  t o  e v e r  

expanding analytical capabilities. In 1980 t h e  l abo ra to ry  went commercial and 

began p r o v i d i n g  a n a l y t i c a l  s e r v i c e s  d i r e c t l y  t o  c l i e n t s .  

The Cherni s t r y  Department's pr imary  miss ion  -1 s t o  pe r fo rm accurate and 

p r e c i s e  determlnations o f  a wide v a r i e t y  o f  ana ly tes  i n  support o f  I n t e r p o l l  

Laborator ies '  f i e l d  t e s t i n g  a c t i v f t i e s  and as a commercial s e r v i c e  t o  i n d u s t r y  

and government a t  large. This i s  accomplished by t he  c o n t i n u i n g  purchase o f  

s ta te -o f - the-ar t  i ns t rumen ta t i on ,  employment o f  knowledgeable and experienced 

chemists and t echn ic ians ,  t raining,  respons ib le  p ro jec t  and client management, 
and a comprehensive independent in te rna l  qua1 i t y  assurance and contml program. 
Because o f  the wide v a r i e t y  o f  a n a l y t i c a l  serv lces  provided and t h e  di f ferences 

i n  equipment and a n a l y t i c a l  s k i l l s  r e q u i r e d  t o  perform many o f  the analyses, 

three d l  f f e r e n t  laboratories w i t h  d i  Pferent areas o f  s p e c i a l i z a t i o n  have evo lved 

wi th in I n t e r p o l l  Labora to r ies :  Ambient A i r  Q u a l i t y B t a c k  Testing Laboratory, 

I no rgan ic  Laboratory,  Organic Laboratory. A l l  three laboratories are monl tored 

and internally a u d i t e d  by the  Qua1 i t y  Assurance Program. 

Manual QA/QC, Section 1 
Version No. 5 . 0 0  
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Interpoll Laboratories i s  an cnvtmnmnta l  tes t ing  laboratory and, as such, 

has recognized the need far  recycling and the conservation o f  our n a t w a l  

resources. Our document control s y s t e m  was sped  f i c a l l y  designed to reduce the 

amount of paper generated when changes are made to e x i  sting documents. A l l  pages 

o f  Interpoll Laboratories documents ( e . g .  manuals, SOP'S,  methods, e t c . )  are 

l a b e l e d  a s  follows: 

Manual (Method) 

Version No. 

Revi sion No. 

Date 

Page o f  

The Version Number wfll Increase by one only  when major changes or r e w r i t e s  

occur. When rnfnor changes are made, the Version Number will remain the same and 

the Revision Number wlll increase by one on the r e v i s e d  page(s). Only the 
revfsed pages will be pr lnted and red is t r ibuted ,  whfch w i l l  s lgn i f jcant ly  reduce 
the amount of paper generated. 

Manual QA/W, Sectdon 1 
Vetsfon No. 5 . 0 0  
Rev1 slon No. 0 
Date Apri l  12, 1991 
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2 QUALnU ASSURANCE POLICY STATEMENT 

A Quality Assurance Program i s  necessary  t o  eva lua te  and c o n t r o l  the 

factors which a r e  important in establishing and rnainta inbg the production O F  

reliable data .  This program i s  e s s e n t i a l  because the results obtained by 

laboratory a n a l y s e s  are o f t e n  the basis  on which important decisions are made, 

The Quality Assurance Program has two important functlons. The f i r s t  i s  

"control o f  quality." The por t ion  o f  the program which fulfills t h i s  function 

considers a l l  o f  the factors influencing t he  r e l i a b i l i t y  o f  resu l ts .  Facilities, 

instrumentation and personnel are included i n  t h i s  portion. 

The second function t s  "measurement o f  quallty" which i s  accomplished by 

co l lec t ing  data f r o m  duplicate analyses, spiked samples and performance 
standards. S t a t l s t i c a l  methods are applied t o  evaluate the precision and 
accuracy o f  the ana ly t ica l  method, thus manftoring the reliabillty o f  the 

resul ts .  

The ult imate goal o f  the Q u a l i t y  Assurance Program i s  t o  consider, evaluate 

and control a l l  o f  the variables which can a f f e c t  the f lnal  results produced i n  

the laboratory. Frequent rev lew and revision o f  the Qua1 i t y  Assurance Program 

i s  an integral part o f  q u a l i t y  control i n  the laboratory. 

Manual OA/QC. Section 2 
Version No. 5 . 0 0  
Revision No. 0 
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Responsd b l 1  i t y  f o r  t h e  Qual 1 t y  Assurance Program 1 s assigned t o  the Qual i t y  

Assurance Coordinator who works wd th t h e  Department Managers to continually 

mv.tew a l l  aspects o f  the program and make revfsions as needed. 

However, the laboratory s t re s ses  t h e  fac t  that  t h e  effect lveness o f  the 
Quallty Assurance Program i s  dependent on the cooperation o f  a l l  laboratory 

personnel. Each s t a f f  member i s  expected to frequently review the techniques 

employed and monitor data qua1 f t y  through the analysi  5 o f  dupl i c a t e  and spiked 

samples, fndependent check standards, and through participation i n  numerous 

external audits sponsored by the €PA, as well as State C e r t i f i c a t i o n  Programs. 

Interpoll Laboratorfes l i s t  o f  cer t i f i ca t ions  I s  given i n  Figure 3-1. 

Manual QA/QC, Section 3 
Version No. 5 . 0 0  
Revision No. 0 
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Figure 3-1. L i s t  o f  C e r t i f f c a t l o n s  

Department o f  Defense 

In t e rpo l  1 Labora to r ies  i s certi f i e d  by the Department o f  Defense, U n i  ted 

S t a t e s  Army Toxic and Hazardous M a t e r i a l s  Agency (USATHAMA) for nitmerous organic  

and inorganic parameters. 

S t a t e  o f  Minnesota 

I n t e r p o l  1 Laborator ies i s c e r t i  P ied  f o r  a1 1 anal y t e s  avat 1 able f o r  

c e r t i f i c a t i o n  through t he  Minnesota Department o f  Health, i nc lud ing  

bac te r io log i ca l  analysis,  a number o f  inorganic  parameters and lead f o r  both the 
Clean and Safe  Water programs. 

The S t a t e  o f  Minnesota has announced i t  w i l l  be c e r t i f y i n g  environmental 

labora tor ies  for an extended lists o f  metals. As soon as the State i n i t i a t e s  the 

c e r t t f i c a t i o n  processI Interpoll Laborator ies w f l l  apply for C e r t i f i c a t i o n  o f  a l l  

metals that  w i l l  be appl icable.  

State o f  Wisconsin 

I n t e r p o l l  Laborator ies f s  c e r t i f i e d  f o r  a l l  anatytes ava i lab le  f o r  
c e r t i f i c a t i o n  through the  Wisconsin Department o f  Natural  Resources, inc lud ing  

numerous inorganic  and organic parameters. 

Manual QA/QC. Section 3 
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FIgure 3-1 Continued 

Performance Audit Prosrams 

Interpoll Laboratorfes par t ic fpates i n  the following audft programs: 

EPA Water Pol l u t l o n  Performance Studfes 
EPA Water Supply Performance Studies 
€PA Acid Rain Audits 

EPA Fi l ter  Audlts (Lead, N i t r a t e ,  Su l fa te )  

Twln C i t y  Round Robin Interlaboratory Group 

Analytical Products Group Quarterly Audits 

Manual QA/QC,  Section 3 
Version No. 5.00 
Revlsion No. 0 
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4 PERSONNEL 

4 . 1  O r p a n i z a t i o n  

The laboratory s t a f f  f s  d iv ided i n t o  two groups; Organic and Inorganic. 
The activities o f  each group are guided by a Department Manager. Communication 

between the Department Managers i s  encouraged i n  an e f f o r t  t o  share common 

problems and solutlons.  I n  add i t ion ,  many samples r e q u i r e  work i n  both areas, 

therefore,  the most appropriate approach t o  the analys is  e f f o r t  can best be 

worked out  t o g e t h e r .  An o r g a n i z a t i o n a l  cha r t  i s  included as Ftgure 4 - 1 .  

4 .2  Rcouirernents 

A t r a i n e d ,  professional s t a f f  i s  necessary for the production o f  reliable 
data. A t  Interpol1 Laboratodes, there are c e r t a i n  minimum educational and 

experience requi rements necessary f o r  each posl t i o n  i n  the laboratory. For each 

posit ion,  a minfmum level o f  t r a i n i n g  I s  prescribed. 

4 . Z  1 Laboratory D I  rector  

The Laboratory Director 1s  the technical leader f o r  the e n t i r e  

laboratory. Therefore, t h i s  pos i t ion  requires f a m i l f a r l t y  wlth a l l  of the 
analyses currently being performed i n  the laboratory. The 

respons ib i l i t fes  include review o f  data generated and, I n  many cases, 

acting as an inter face between c l ien ts  and analysts .  The r n i h u n  

requirement for this posftlon i s  a bachelor's degree and ten years of 

1 abatatory experience b An advanced degree i s desf rable. 

Manual QA/OC. Sect ion 4 
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1 Revision No. 
Date September 5 ,  1991 

7 or  95 Page 

N-13 





4.2 . 2 

The Q u a l l t y  Assurance Coord ina to r  i s  respocs ib le  f o r  fmplementation 

and maintenance o f  the Quality Assurance/Quality Control P l a n ,  dncluding 

monitoring l a b o r a t o r y  performance by keepfng Q A  c h a r t s  f o r  each method and 
by periodically submi t t i ng  blind samples f o r  a n a l y s i s .  This i n d i v i d u a l  i s  

n o t  p a r t  o f  the a n a l y t i c a l  s t a f f ,  but works w i th  s t a f f  members t o  ensure 
t h a t  the bes t  p o s s i b l e  da ta  i s  generated. The minimum requi rement  i s  a 

bachelor's degree and two years o f  laboratory experience with an emphasis 

i n  t he  area o f  q u a l i t y  assurance. 

Qua1 i t y  Assurance Coordi nator 

4 . 2 . 3  Department Manager 
The Oepartment Manager f s  respons ib le  f a r  a l l  a n a l y t i c a l  work 

performed by a group o f  ana lys ts ;  t he re fo re ,  t echn ica l  expertise 1 s  

e s s e n t i a l  fo r  t h i s  p o s i t i o n .  T h i s  i n d i v i d u a l  must be capable o f  

scheduling t h e  workload to maximhe t h e  use o f  equfpment and personnel and 

must be able t o  deal e f f e c t i v e l y  w i th  ana lys ts  and c l i e n t s .  The minimum 
requirement i s  a bache lor ' s  degree and f i v e  years experience with an 

emphasis i n  the area being managed. An advanced degree i s  des i rab le .  

4.2 .4  Chemist 111 
The Chemist  111 p o s i t f o n  requires a bache lor ' s  degree and seven 

years o f  exper fence and/or a PHD i n  a related f i e l d .  A Chemist 111 i s  
respons ib le  f o r  one or mre l a b o r a t o r i e s .  R e s p o n s i b i l l t f e s  i nc lude  

organizat ion o f  the workload, equipment maintenance, preparation o f  

standards and reagents, p r e p a r a t i o n  o f  samples, and the proper 

documentation o f  a l l  procedures u t i l i z e d  and t h e  analytical results. Thds 
p o s i t i o n  may supervise Techn ic ians  I, I1 and I11 and the  Chemist I 
p o s i t i o n s .  T h i s  p o s t t i o n  i s  responsible f o r  method development and 

research projects. 

Manual QA/QC I Section 4 
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4.2.5 Chemist I1 
The Chemist  I1 posftdon requlres a bachelor’s degree and t h r e e  years 

of experience and/or a master’s degree in a r e l a t e d  f i e l d .  A Chemist 11 

may be r e s p o n s i b l e  f o r  one o r  more l a b o r a t o r i e s .  Responsibilities include 
organization o f  the workload, equipment maintenance, prepara t i on  of  

standards and reagents ,  preparat lon o f  samples, and t h e  pruper 

documentat ion o f  a l l  procedures utilized and the analytical resu l t s .  T h i s  

p o s i t f o n  may superv i se  T e c h n i c i a n s  I and I f .  This p o s i t i o n  may be 

responsible for  method development and research  projec ts .  

4 . 2 . 6  Chemist I 
The Chemis t  I p o s i t i o n  requ i res  a bachelor’s degree i n  a related 

f i e l d  o f  science. A Chemist I i s  responsible f o r  a s p e c i f l c  laboratory. 
Responsibil i t i e s  inc lude organ iza t ion  o f  the workload, equipment 

maintenance, preparat fan o f  standards and reagents, preparat ion o f  

samples, and the proper documentation o f  a l l  procedures u t i l i z e d  and the 

ana ly t i ca l  results .  This  positdon may be supervised by t h e  Chemist  111, 

4.2.7 Technician 111 
The Technic ian 111 p o s i t f o n  requi res an associate degree and /or 

seven years o f  laboratory exper i  ence . A 1 aboratory Techni c.t an 111 has 

demonstrated competence i n  a given area and o f t e n  works independently.  

The Technician 111 i s  responsib le  f o r  organizat ion o f  the workload, 
performing the requ i red  a n a l y t i c a l  procedures and documentation o f  r e s u l t s  

and procedures on the  required forms. The Technician I11 p o s i t i o n  can be 

considered equal t o  a Chemist I p o s i t i o n  after competence i n  three or more 

areas has been proven. The Technician III may be supervised by t h e  

Chemlst 111 pos i t i on .  
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4.2.8 Techn ic ian  11 
The Techn ic ian  IT pas1 t i o n  requ i res  an a s s o c h t e s  degree 

and/or f i v e  years o f  r e l a t e d  laboratory experience.  A laboratory 

Technician LI works under the wupervision o f  a Chemist I1 o r  111. 
Responsibilities include t h e  preparat ion of  reagents to performing wet 

bench ana ly t i ca l  proceedures. 

4.2.8 Technician I 
The Technician I p o s i t i o n  requires some vocational training or 

one years o f  r e l a t e d  l abora tory  experience. A laboratory Technician I 
works under t h e  superv i s ion  o f  a C h e m i s t  I1 o r  111. Responsibilities 
range from record keeping t o  the prepara t i on  o f  reagents.  

4.2  9 
The Labora tory  Aide p o s i t i o n  requ i res  a h i g h  school diploma. A 

laboratory Technician I works under the ddrect supervdsion o f  a Chemist I1 
o r  111. R e s p o n s d b i l i t i e s  range from glassware c l e a n i n g  t o  simple sample 

preparation proceedures. 

Laboratory A1 de 

4.3 S t a f f  Deve loment  

New developments Jn methods and ins t rumen ta t i on  are be ing  made c o n t i n u a l l y .  

In order t o  produce the most accurate, rellable da ta  poss ib le ,  i t  i s  necessary 

f o r  the s t a f f  t o  keep up t o  date with s ta te -o f - the-ar t  methods and instruments.  

Recognizing t h f s  fac t ,  Interpoll Laboratories encourages employees t o  continue 

t o  develop t h e i r  area or  exper t1  se by rev iewing  c u r r e n t  1 i te ra tu re ,  a t tend ing  

conferences, semfnars and tratnlng sessions when ava i l ab le ,  and seekfng 

additfonal academic t r a i n i n g  when i t  would be b e n e f k i a l .  Every e f f o r t  4s made 
t o  arrange workloads t o  facilitate these a c t i v i t i e s .  
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5 LABORATORY FACILITIES, EQUIPnEHT AND SERVICES 

5.1 Space 

The laboratory occupies 16000 square feet o f  space which i s  d iv ided so t h a t  

s i m i l a r  analyses are performed i n  the same area. 

5 . 1 . 1  The Sample Receiv ing Area I s  where incoming samples are  

logged i n  and preserved i f  necessary.  This area i s  locked at a l l  t imes 

f o r  secure storage of samples and reagents. This area i s  a l s o  used f o r  

washing and preparing bottles f o r  sample c o l l e c t i o n ,  as well as t h e  

washing and d r y i n g  o f  a l l  glassware used I n  the  laboratarles. 

5.1.2 The L i q u i d  Chromatography Lab includes two ion chromatographs 
(fC) and two high performance l iqudd chromatographs (HPLC). This area 

also fncludes the water  purif icat lon system whlch produces laboratory 
grade water f o r  analyses. 

5.1.3 The Extract ion Lab i s  where a l l  TCLP, ASTM and EP Toxic i ty  

extract fons are performed. This area houses s i x  TCLP zero headspace 
extractors (ZHE) , th ree  EP T o x i c i t y  extractors ,  and a l l  relevant equipment 
necessary to perform these extract ions.  

5.1.4 The Inorganic laboratory i s  the  area where a l l  inorganic 

analyses are  performed. A l l  t l t r a t l o n  and dlstll latlon equfpment, as well 

as microblologlcat equfpment 1 s found i n  t h t s  laboratory. This laboratory 
has enough bench space t o  p e r f o m  many inorganic analyses simultaneously 

t o  provide quicker turnaround t o  our clients. 
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5.1.5 Three laboratories are  designated f o r  metals a n a l y s i s ;  one 

1aboratQry I s  s t r i c t l y  f o ?  sample p r e p a r a t l o n  and the other two for  

instrumentat ion.  The sample p r e p a r a t i o n  l a b  has ample hood space f o r  ho t  

p l a t e  sample d i g e s t i o n  and a l s o  has the c a p a b i l i t i e s  f o r  mic rowave 

d i g e s t i o n .  O f  the two instrumentat ion l a b s ,  one houses two a t o m i c  

absorption u n i t s  and one graph i te  furnace, the o t h e r  houses an inductively 
coup1 ed p? asma uni  t . 

5.1.6 The organics a n a l y s i s  area includes the GC/MS l a b o r a t o r y ,  t h e  

general organics instrumentation laboratory  and two separa te  sample 

preparat ion labora tor ies .  The CWMS 1 aboratory houses three gas 

chromatograph/mass spectrometers (GWMS) . The general organics 

instrumentation laboratory contains eight gas chromatographs wtth various 

detectors,  auto samplers, and personal computers. The two sample 
preparatfon laborator ies  conta in  a l l  necessary glassware and equipment 

needed t o  perform l i q u i d - l i q u i d ,  soxhlet and sonlcat ion extract ions,  as 

well as the equipment required f o r  evaporation and concentrat ion o f  sample 

extracts. One o f  the prepara t ion  laboratorles houses the Automated Gel 
Permeation Chromatography (GPC) e x t r a c t  clean up apparatus and other 

column chromatography clean-up equipment. 

5 . 1 . 7  Fuel analyses are performed i n  a laboratory s p e c i f i c a l l y  

equipped f o r  t h i s  purpose. This ASTM laboratory I s  capable o f  performing 

a l l  ASTM analyses on coal coke, and ash samples. Thl s laboratory also 
has the capabflitles t o  t e s t  paint ,  wood, sludge, and many d i f f e r e n t  

mat ri ces by ASTM methodol ogles . 
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5.1.8 The p a r t i c l e  s i z e  and morphology l abora tory  I s  equipped wi th  

an X-ray Sedigraph, f low clean benches, polar iz ing/phase c o n t r a s t  

microscopy, s iev ing  equipment, and a stereo zoom microscope. 

5.1.9 The balance laboratory houses three analytical balances and 

i s  used p r i m a r i l y  by the inorganics area  and t h e  metals area t o  weigh 

samples p r i o r  t o  analysis. 

5 . 2  El e c t  r i  ca l  

Each laboratory i s  w i r e d  t o  accommodate the  instruments i t  houses. Many 

instruments require r e l a t i v e l y  constant vo l tage and have b u i l t - i n  voltage 
regu la to rs  t o  matntafn stable,  d r i f t - f r e e  operat ion.  However, some instruments 

requ i re  an ex terna l  vo l tage regu la to r  t o  serve thds purpose. 

5 . 3  Ventilation 

The labora tory  has s i x  96-inch fume hoods with roof-mounted exhaust blowers 

and two 48-inch fume! hoods with a cei l lng-mounted exhaust blower. A make-up air 
sys tem i s  I n s t a l l e d  throughout the e n t i r e  laboratory .  Th is  make-up a i r  system 
provides t h e  b u i l d i n g  with p o s i t f v e  or negat ive afr  pressure where needed, 

conditions t h e  temperature o f  incoming a i r ,  provides f o r  zone con t ro l  o v e r  four 

separate units, and f i l t e r s  a l l  4ncomfng alp.  The consequences of t h i s  system 

are: b e t t e r  temperature control : reduced fn t ra labo ra to ry  contarnfnatlon; and the 
a b i l f t y  t o  provided both p o s l t i v e l y  and negat ive ly  pressured a i r  where necessary. 

5.4 General Cl eani nq 

A c lean,  w e l l  organized labo ra to ry  reduces the  probability for mlstakes and 

minimizes t h e  number o f  In te r fe rences  present Jn the  laboratory .  A j a n i t o r i a l  

service p e r f o m s  the general c leaning, however, each analyst  i s  responsible fo r  

keepfng l a b  benches free o f  c l u t t e r  and making c e r t a i n  p o t e n t i a l  contaminants are 
not  kept  i n  the  area. 

Manual Q A / ~ .  Section 5 
Versfon No. 5 . 0 0  
Revision No. 0 

Page l a  o f  95 
Date April 12, 1991 

N-20 



5.5 Glassware 

5.5.1 Specifications 
The majority o f  the glassware used i n  t h e  laboratory i s  borosilicate 

g l a s s .  M a t e r i a l s  such as T e f l o n ,  polyethylene and polypropylene are 

employed in s p e c i a l  s i t u a t i o n s  when a p p r o p r i a t e .  

Sources o f  e r ro r  which are associated w i t h  c a l i b r a t e d  glassware f o r  

precise measurements are carefully considered. A l l  volumetric glassware 
purchased f o r  t h e  laboratory meets Class A Federal S p e c i f i c a t i o n s  as shown 

i n  Table  5-1 .  Upon r e c e i p t ,  laboratory glassware and pipets a r e  g iven  to 
the Q u a l i t y  Assurance C o o r d i n a t o r  fo r  calibratdon. All caldbration 
r e s u l t s  are logged i n  a notebook l a b e l e d  f o r  t h i s  purpose. A f t e r  passing 
the  s p e c l f i c a t i o n s  mentioned above, the glassware and /o r  p i p e t s  are 
allowed t o  be used i n  the  laboratory, and the supplier i s  n o t i f i e d  o f  the 

deficdency. Automat ic  m l c r o p i p e t s  a r e  used when measuring extremely small 
volumes. These p i p e t s  are caljbrated monthly by we igh lng  the volume o f  

w a t e r  d e l i v e r e d .  The c a l i b r a t i o n  I s  recorded in t he  same notebook. 

The method o f  cal ibration ( " t o  conta fn"  or " t o  deliver") and the  

temperature a t  which the glassware was calibrated are cons ide red  when 

selecting glassware f o r  a p a r t i c u l a r  app l i ca t i on .  Glass pfpets  are 

fnspeeted f o r  c racks  or c h l p s  I n  t h e  t i p s  t h a t  may a f f e c t  t h e  volume they 

d e l i v e r .  When new p i p e t s  are purchased, 10% o f  them are v e r i f i e d  by 

weighing the water they del lver .  X f  t hey  do not  meet the s p e c i f i c a t i o n s  

g i v e n  i n  Tab le  5-1, the p ipe ts  are not used and the s u p p l i e r  i s  n o t i f i e d .  

Automatic m i c r o p i p e t s  are used when measuring ex t reme ly  small volumes. 
These p i p e t s  are c a l i b r a t e d  monthly by weighing t h e  volume o f  water  

de l i ve red .  The calibration i s  recorded i n  a notebook kep t  for t h i s  

purpose 
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5.5.2 Clcanfng Procedures 

Several cleaning procedures are used at Interpoll Laborator ies.  The 

analytlcal method For which the  glassware I s  to be used determines which 

procedure i s foll owed. 

5 . 5 . 2 . 1  Inorganic 

5 . 5 . 2 . 1 . 1  Wash a l l  glassware with ho t ,  soapy 

w a t e r .  I Use the " S I P  Brand Laboratory Detergent  

Concentrate." Be sure t o  scrub a l l  glassware w i t h  brushes. 

Gloves and a lab coa t  should be work a t  a l l  t i m e s .  

5 . 5 . 2 . 1 . 2  Rinse the glassware three ( 3 )  t i m e s  with 

hot  tap water. 

5.5.2.1.3 

5 .5 .2 .1 .4  

Rinse the glassware wfth dlstilled water.  

Rfnse the glassware 4-5 t f m e s  w i t h  M i l l i -  

Q water. 
5.5.2.1.5 Dry glassware in oven and return t o  

inorganlcs laboratory. 2 Put glassware away i n  the 
appropri ate area . 
5.5.2.2 Organic 

5 . 5 . 2 . 2 . 1  Prepare the laboratorydetergent solution 
by following the instructlons gtven on the detergent 

contafner. 
5.5.2.2.2 I m r s e  the glassware i n t o  the detergent 

solution and allow i t  t o  soak before scrubbing 4t wfth nylon 

brushes. Wash the glassware until a l l  v f s i b l e  contamination 

has been removed. Rinse f t  with hot tap water and set i t  

as1 de t o  thorough1 y drat n 

'Phosphorus glassware should be uashcd v i t h o u t  detergent .  

rrmonl a - f  pee uattr. 

'00 n o t  oren d r y  volumetric f l a s k s ;  these l u s t  be air d t f t d ,  

Anionfa n i  ttogen glassuarc s h o u l d  be rinsed u i t h  
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5.5.2.2.3 Volumetrlc flasks are not  to be rinsed 
wfth chromic-sul f u r i c  a c i d .  I n s t e a d ,  repeatedly r inse  them 

wi th deionized water and then, finally, wi th  methanol. 

5 . 5 . 2 . 2 . 4  Dry the f la sks  i n  a d r y i n g  oven s e t  a t  

230'F f o r  a t  l eas t  20 minutes, o r  longer,  u n t i l  a l l  o f  the 
methanol has evaporated.  Remove the f l a s k s  and allow them to 
cool to room temperature. Store the volumetr ic  f l a s k s ,  with  

stoppers inser ted ,  in a c lean,  segregated area and r e s e r v e  

them f o r  organic analyses. 
5 . 5 . 2 . 2 . 5  Prepare t h e  chromic-sulfuric a c i d  

solution (Chromerge) by fallowing the i n s t r u c t i o n s  given on 

the chromium trioxide container. Rinse the we1 1 drained, 

detergent washed glassware with the Chromerge so that a71 

i n t e r i o r  surfaces have been wetted with the acid.  Pour o f f  

the Chromerge and recover i t  i n  a beaker. Th i  s Chromerge can 

be reused until i t  has been chemically depleted (green i n  

color  as opposed to orange-brown). Allow the ac id  t o  

thoroughly dra in  from the glassware. This insures that  the 

acid has had a suf f ic ient  amount o f  contact t ime to  o x i d i z e  

any residues remaining a f t e r  detergent washing. 
5.5.2.2.6 Rinse the glassware with tap water and 

then with  deionized water. Collect the washings f o r  

neut ra l i za t ion  and proper disposal . Set the glassware aside 

t o  drain.  

5.5.2.2.7 Solvent r inse the glassware, fn order,  

with methanol, acetone and then methylcne chloride. Collect 
the nun-halogenated and halogenated solvents separately for  

proper di sposal . A f t e r  the sol vent has completely evaporated 

f r o m  the glassware, store i t  i n  a clean, segregated area and 

reserve i t  f o r  organic analyses. 
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5.5.2.3 Httals 
5 . 5 . 2 . 3 . 1  Wash a l l  glassware w i t h  hot, soapy water 

using the laboratory detergent .  Be sure to scrub all 
glassware using brushes. Gloves and a l a b  coa t  should  be 

worn a t  a l l  t i m e s .  

5.5.2.3.2 Rinse glassware wt th  hot t a p  water. 

5 . 5 . 2 . 3 . 3  Soak t h e  glassware i n  a 1:l n i t r i c  
acid lwater  rnlxture for  15 mlnutes. Wear g loves ,  a face 

shield, and a full-length apron! 

5 . 5 . 2 . 3 . 4  Thoroughly r i n s e  the glassware with t a p  

water.  

5.5.2.3.5 Rlnse the gtassware with successfve 

portions o f  Mi1Ii-Q water. Rinse the glassware 4-5 w i t h  

Mil1i-Q water to avofd trace metal contamination. 

5.5.2.3.6 Glassware can be brought back t o  the 

Meta ls  area without being drfed.  
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Table 5-1. Tolerances f o r  Volumetric Glassware (Abridged f r o m  Natlonal 
Burceau o f  Standards Data, 1941). 

Capacity (mL) 
less than and i nc lud fnq  

25 
50 
100 
200 
250 
300 
500 

1 ,m 
2 , a  

2 
5 
10 
25 
30 
50 

100 
200 

Graduated F 1 asks 

Transfer P ipe t s  

1 
Burets 

5 
10 
30 
50 
100 

L i m i t  o f  error (mi) 

0.03 
0.05 
0.08 
0.10 
0.11 
0.12 
0.15 
0.30 
0.50 

0.006 
0.01 
0.02 

0.025 
0.03 
0.05 
0.08 
0.10 

0.01 
0.02 
0.03 
0.05 
0.10 

' L i m i t s  o f  ermr a n  o f  total or partial c a p a c i t y .  Customary practice i s  t o  t e s t  
t h e  capaci t y  a t  f f ue f nterval s.  
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5.6 Reaqcnts, Solvents and Gases 

L 6 . 1  Reagent Quality 
Chemicals a r e  a v a i l a b l e  i n  various grades o f  p u r i t y .  Pr imary  

Standard Chemicals are special  l y  manufactured analytical reagents of  

exceptional p u r i t y .  They are used I n  c r l t i c a l  work such as standardizing 

volumetric solutions and preparing reference standards, Analytical 

Reagent grade chemicals (sometlmes r e f e r r e d  to as Reagent grade) are 

sui table  f o r  general a n a l y t f c a l  work.  Some manufacturers use an American 

Chemical Soc ie ty  (ACS) designation on c e r t a i n  chemicals, meaning t h e y  meet 

standards s e t  by t h e  ACS Committee on Ana ly t ica l  Reagents. Technical and 

Practical grade chemicals are o f  l i m i t e d  value and are  seldom used i n  an 
ana ly t fca l  laboratory. 

5.6.2 Selection o f  Proper Grade o f  Reagent 

The se lect ion o f  the proper grade o f  reagent quality i s  determined 

by the parameter o f  I n t e r e s t  and the method o f  analysis.  Analyt fca l  

reagent grade I s  normally u t i l i z e d  unless a specl f ic  pur i ty  i s  designated 

i n  the procedure 

5 .6 .3  Date Coding o f  Reagents 
The date a reagent I s  received I s  recorded on the container labe l  , 

and i t  i s  properly discarded when the shel f  l i f e  e x p i r e s .  The laboratory 
polfcy i s  t o  order reagents i n  quantities that will be used i n  less than 

one year,  unless a shorter shelf l i f e  i s  speciffed. 
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5 .6 .4  Prepara t ion  o f  Reagent So lu t i ons  

T r a d i t i o n a l  a n a l y t i c a l  techndques are used in t h e  laboratory 
prepara t i on  o f  reagent s o l u t i o n s  and standards, A l l  so lu t i ons  are  l abe led  

including the i n i t i a l s  o f  t h e  p r e p a r e r  and t h e  da te  o f  p repara t ion .  A 

da ta  sheet i s  filled out f o r  e v e r y  s o l u t i o n  prepared. This da ta  sheet i s  

kep t  i n  a logbook and can s tand t o  p r o v e  the q u a l i t y  o f  standards and 

s p l k i n g  s o l u t i o n s  should a p o t e n t i a l  problem a r f s e .  A l l  so lu t i ons  are 
numbered t o  be sure a l l  data  sheets are in t he  logbook, and t h a t  a l l  

s o l u t i o n s  have t he  approp r ia te  paperwork, A l l  solutions are stored i n  t h e  

approp r ia te  manner. Stock s o l u t i o n s  a re  res tandard ized as required  by t h e  

method01 ogy . 

5 . 6 . 5  Laboratory Water 

taboratory grade water f s  produced by an i o n  exchange system 
i n c o r p o r a t i n g  i n  series strong ac id ,  strong base, and mixed bed i o n  

exchange tanks producing less t h a n  10 megaohm water. Eighteen megaohm 

water i s  produced by f e e d i n g  less than 10 megaohm water t h r o u g h  a 

M i  11 i pore Mi 11 iqueR i o n  exchange-acti vated carbon system. Thi  s 1 aboratory 

water conforms t o  ASTM Type I1 s p e c i f i c a t i o n s .  

5 .6 .6  Gases 

The required p u r i t y  o f  a gas i s  determined by the  intended use, and 
f s  specif ied by the i ns t rumen t  manufacturer o r  given i n  the a n a l y t i c a l  

method. When ordertng a gas f o r  a new applicatlon, spec ia l  a t t e n t i o n  I s  

gtven t o  s e l e c t t n g  t h e  a p p r o p r i a t e  p u r i t y .  

Gas c y l i n d e r s  a re  moved by means o f  a cart equipped w i t h  a secur ing 

device.  C y l i n d e r  caps are l e f t  on t h e  cylinder when t ranspor t i ng .  

Cy l fnde rs  are secured a t  a l l  t imes.  
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A key element i n  the generat ion o f  accura te  and p r e c i s e  results  1 s  t h e  use 

of  high quality, well maintained instruments.  Instruments m u s t  be selective f o r  

t h e  analyte to be measured and have a s t a b l e  response i n  order t o  generate 
reproducible results. 

6 . 1  Laboratarv Instruments 

The pr inc ip le  instruments c u r r e n t l y  i n  use a t  Interpol1 Laboratories are 

l i s t ed  below according t o  the analytical area which i s  the primary user. The 

varlety o f  instruments available gives  the analyst the opportunity to choose the 

method best suited t o  the sample i n  question. Frequently, a problem i s  
approached uslng two d i f f e r e n t  instruments SO that  a comparison o f  

posslble. 

6 .1 .1  Metals 

6.1.1.1 Perkin E lmer  560 atomic absorptfon 

spect mphotome t e r . 
6.1.1.2 Perkin Elmer HCA 4 0 0  graphlte furnace 

6.1.1.3 Perkin E l m e r  Zeeman 5100 PC atomic 

with an AS-1. 

absorption spectrophotsmeter with  an 

AS-60 furnace autosampler and an 

I8M compatible data station. 

6.1.1.4 T h e m  Jarre11 Ash ICAP 6 1  induct ive ly  

coupled plasma spectrophotometer w4 t h  

30 channel f i x e d  polychrometer, 

results i s  

Year 

Acaui red 

1982 

1982 

1908 

and, in addi t ion to the regular nebul izer ,  

a ultrasonic nebul i z e r  manufactured by 
CETAC Technologies. 1989 
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Year 

Acqui red 
6.L2 Liquld  Chromatography 

6 . 1 . 2 . 1  Oionex System 10 i o n  chromatograph wi th  

an 1 8 M  LC-9540 data system. 1982 

6 . 1 . 2 . 2  Ion chromatography system c o n s i s t i n g  o f  

an 18M LC pump, a Wescan conduct iv i t y  

detector and an IBM LC-9540 data system. 1983 

6 . 1 . 2 . 3  1614 L W 9 5 3 3 - 2 A  liquid chromatograph 

w i th  Te rna ry  gradient  capabi 1 i t y  and 

equipped with fluorescence and U W V I S  

detectors. 1983 
6.1.2.4 Dionex System Model 40004 HPtC- IC  with 

autosampler; dual channel with 

conductivi ty  and UV detectors. 1907 

6 .1 .2 .5  Club AT 386 I B M  cornpatfble personal 

computer wi th  640K RAM and a 60 M8 
hard d r i v e  equipped with the Maxima 820 

Versfon 3.3 chromatography software, 

6.1.2.6 Club AT 386 I B M  compatible personal 

computer wi th  640K RAM and a 60 M 6  

1988 

hard d r i v e  equipped w.l t h  the Maxima 820 

Version 3.3 chromatography software. 1988 

6.1.2.7 Waters HPLCICarbamate analysfs 
system const sting oft Model 600E 

power1 I ne gradi ent eont roll er; 
Model U6K injector; Model 470 scanning 
fluorescence detector; carbarnate 
analysi s module; temperature control 

module; water satellite WISP; Model 991 

photodiode array detector. 1992 
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Year 

Acqui red 

6.1.2.8 NEC Powermate 386/25 IBM compatible 
personal computer with 2.0 MB RAM, 

110 ME3 hard d r i v e ,  1.2 MB f loppy disk 
d r l  ve, equipped  wi t h  Foreground/ 

Background software,  Waters 5200 

thermal p r i n t e r / p l o t t e r ,  1991 

6.1.3 General Inorganic 

6.1.3.1 Bausch S Lomb spectraphotometer Model 
Spectronic 20, 1976 

Varian Aerograph Ser ies  200 gas chroma- 

tograph with F I D  detector and gas 

6 . 1 . 3 . 2  

sampll ng valve. 1979 

6 . 1 . 3 . 3  Turner fluorometer. 
6 . 1 . 3 . 4  Two Orsat analyzers. 

6 . 1 . 3 . 5  Tr ident  pH meter Model 68. 

1979 

1979 

1980 

6.1.3.6 Scott  Model 216 total hydrocarbon 
analyzer with an F I D  detector. 1981 

6 . 1 . 3 . 7  Turner Spectro fluorometer Model 430. 1981 

6 . 1 . 3 . 8  Precf si  on Sci ent i f i c 1 ow temperature 
Incubator Model 815. 1982 

6.1.3.9 Y S I  Model 32 conductance meter. 1983 

6.1.3.10 Radiometer pH M84 pti meter with  an ABU 80 

6.1.3.11 Orion 901 ionanalyrer with a varlety o f  

auto burette and a TTT 80 auto-titrator. 1903 

ion select ive electrodes. 1983 

6.1.3.12 3 EP t o x i c i t y  tumbler extractors  

6.1.3.13 Hach Model 2100 A turbidimeter. 
1983 
1984 

6.1.3.14 Milton Roy Spectronic 501 UV-VIS spectm- 
photometer with flow c e l l .  1986 

6 .1 .3 .1s  S i x  TCLP zero headspace extractors 
(ZHE)  . 1989/90 
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6.1.3.16 Y S I  Model 3500 ptl meter .  1990 

6 . 1 . 4  Sample Preparat i on 

6.1.4.1 IEC I n t e r n a t i o n a l  Centrifuge model CS. 1973 

6 . 1 . 4 . 2  F isher  electrtcally heated waterbath 

with control ler. 1983 

6 . 1 . 4 . 3  ACE Glass mega s o x h f e t  extractor model 

68104 i nc lud ing  mantle, t r i p o d  and 

controller. 1983 

6.1.4.4 Burrell wrist -act ion shaker Model 75. 1907 

6.1.4.5 Tekmar sonlc dlsruptor Model TM 500. 1987 
6.1.4.6 Ffsher electrically heated waterbath 

wlth controller. 1900 

6.1 .4 .7  ACE Glass mega soxhlet extractor model 
68104  4 ncl udf ng mant 1 e , t ri pod and 
cont to1 1 e r . 

6.1 . 4.8 Waters Gel Permeation Chromatography 

Clean-up apparatus consistlng of': 

Model 501 HPLC pump; Model 486 Tunable 

absorbance detector; Model 712 WISP; 

Waters f ract i on col 1 ector. 

1990 

1992 
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6 . 1 . 5  Gas Chromatography 

6.1.5.1 Hewlett-Packard Model 5880A dual  column 
research gas chromatograph wi th  data  

a c q u i s i t i o n  s y s t e m  inc lud ing TC, F I D  

and EC detectors,  cap1 1 Tary column 
capability with f l o w  splitter, gas 
sampling v a l v e  and Model 7671A auto 

injector. 
6.1 .5 .2  Traco r  Plodel 565 mega bore capillary 

gas chromatograph w i  th Hal 1 conduct i vi ty , 
H . Nu photoi oni za t  i on, and f 1 a m  i oni za t  i on 

detectors. 1982 

6.1.5.3 Chemical Data Systems 320-011 micro- 

processor controlled dual t rap  concentrator 

(purge and t r a p ,  and a i r  and so l ids  analys is  

f o r  volatile organk  compounds). 1983 

6.1.5.4 HP Model 5840 capillary gas chromatograph 

with flame lonlzatdon and electron 
capture detectors:  Model 7671A automatic 

l i q u i d  sample injector; Model 7675A purge 
and trap sampler. 1983 

6.1.5.5 Tekmar LSC-2 and ALS microprocessor 

control l e d  ten statton auto purge and 
t rap .  1986 

6.1.5.6 Shhadzu gas chromatograph Model GC-9A 

wi th  dual F I D ;  autosampler AOC-9A. 1987 

6.1.5.7 Shimadzu capillary gas chromatograph 

Model GC-14A with electron capture and 

flame ion iza t ion  detectors; AOC-9A 

autosampler. 

1982 

1988 
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6 .1 .5 .8  Tracor  Model 5 4 0  mega-bore capillary GC 
with a Hal 1 e l e c t r o c o n d u c t i v i  ty d e t e c t o r  

and a H.Nu photoionization d e t e c t o r ;  Tekmar 

LSC 2000 purge and t rap;  Oynatech PTA-30 

autosampler. 1988 

6 .1 .5 .9  Club AT 386 18M compatible personal 

computer with 2000K RAM and a 60 FIB hard 

d r i v e  equipped with the  Maxima 829 

V e r s i  on 3 . 3  chromatography sof tware  . 
6.1.5.10 Shi madzu mega-bore capi 11 ary gas 

ch romat og raph Model GC-14A 

wi th  H.Nu photo ion iza t ion  and flame 
ion iza t fon  detectors, Tekmar LSC 2000 

1988 

purge and t rap,  and ALS 2026 autosampler. 1990 

6.1.5.11 NEC Powermate XS P l u s  IBf4 compatible 
personal computer wlth 20WK RAM and 

a 45 M 8  hard d r i v e  equipped with the 

Maxfma 820 Version 3 . 3  chromatography 

software.  1990 

6.1.5.12 NEC Powermate 286 IBM compatible personal 
computer wl th  2000K RAM and 30 MB hard 
drive equlpped wfth the Maxima 820 

Version 3.3 chromatography software as a 

process only station. 

6.1.5.13 Varian Model 3400 packed column gas 

chromatograph with flame Ion iza t ion  

1990 

detector , o x i  dat  i on/ reduc t i on 

cata lyst  system and Model 4400 integrator. 1991 
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6.1 .5 .14  Varian Model 3300 packed column gas 

chromatograph w i t h  f lame i on fza t i an  

and flame photometric detectors  and 

Model 4400  integrator.  

6.1.5.15 Shimadzu capillary gas chromatograph 

Model GC-14A w i t h  flame Ion iza t ion  

detector; CRSOl data processor wi th  

FDD-1A d i  sk d r i v e .  

1991 

1991 
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6.1.6 Gas Chromatography/Mass Spect romet ry  

This  labora tory  1 s  equipped w i t h  three G W M S  systems. 

6.1.6.1 Finnigan MAT Incos 50 quadrupole 

MS/DS (Mass  Spectrometer/Data Systems)  

w i  t h  the f o l  1 owi ng features: 1987 

Heated electron ionjration (€1) i o n  

source, quadrupo7 e mass analyzer,  
Superfncos data system with 7 1  MB 

Winchester-type d i s k  d r i v e ,  

5 1 / 4 "  360 Kb f l o p p y  d i s k  drlve, 
20 M6 streamer tape  d r i v e ,  

NBS/EPA 1 i b r a r y  , SuperIncas software 

AutoQuanTn automated target  compound 
analysls software, and Form MasterTH 
software . P r i  n t  ronl x MVP prl n t e r .  

Factory i n t e r f a c e d ,  data system 

controlled Varian Model 3400 gas 

chromatograph w l  t h  Grob-type 

s p l i t l s p l i t l e s s  capillary In jector .  

Subarnblent Cot coollng f o r  Varian GC. 

Varian 8035 1 iqudd autosampler. 
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6.1.6.2 Finnigan MAT I ncos  50 quadrupole 
bIS/DS ( Mas s Spec t rome t e  r / D a t  a Systems ) 

w i  t h  t h e  f o l l  owi ng features : 

Heated electron i o n i z a t i o n  ( E X )  ion 
source, quadrupole mass analyzer ,  

SuperIncos data  system wi th  71  M8 

Winchester-type d i s k  d r i v e ,  

5 114"  360 Kb f l o p p y  d i s k  d r i v e ,  

20 MB streamer tape dr ive ,  

NEWEPA 1 i brary, SuperIncos software 

Au toQuan' automated target compound 

analysis software, and F O ~  MasterTn 

software. Pr in t ronfx  MVP p r i n t e r .  

Factory interfaced,  data system 

contro l led Varian Model 3400 gas 

chromatograph w f  t h  Grob-type 

spl i t / s p l  i t less  capi 1 tary injector.  

Subambient C02 cooling for Varian GC. 

Tekmar 4200 automatlc heated sample 

m d u l  e. 

Tekmar 4000 Dynamic Headspace concentrator. 

1900 

Manual Q A I Q c ,  Sectton 6 
Version No. 5 . 0 0  
Revision No. 0 
Date Apr i l  12, 1991 
Page 30 o f  9s 

N-36 



Year 

Acqul red  

6.1.6.2 Flnnigan ITS40 
MS/DS (Mass Spectrometer/Uata Systems) 

with the following features:  

Heated electron .ionization (€1) ion 

source, don t rap  mass a n a l y z e r ,  
ITS 40 d a t a  system on Compaq 386/20e 

computer, VGA monitor, 3 1/2” 1 . 4  MB 

f l o p p y  d i s k  dr ive ,  110 MB hardrive, 
Nf ST 1 1 brary , EpSon FX850 p r i  nter. 

Factory interfaced, data system 
control l e d  Varl  an Model 3400 gas 

chromatograph w l  th  Gmb-type 

s p l  i t /spl I t 1 es s capi  1 1 ary i n j ec t or 

Subamblcnt b$ c o o l l n g  for  Vartan GC. 

Tekmar ALS2016 sample mdule. 
Tekmar LSC2000 concentrator. 

1991 
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6 . 1 . 7  Fuel 
6,1.7,1 Preiser-Mineco residual moisture 

oven. 1981 

6.1.7.2 P r e c i s i o n  S c i e n t t f i c  f l a s h  po in t  

apparatus. 1981 

6. I .7.3 Sar tor ius  1303MP top loading 

balance. 1981 

6 .1 .7 .4  P a w  oxygen bombs. 1981 

6.1 . 7 . 5  Adi aba t i c cal or i mete r . 1981 

6 .1 .7 .6  Lindberg carbon hydrogen analyzer. 1982 

6.1.7.7 Preiser-Mineco ash fusfon furnace. 1982 

6.1.7.8 Prefser-Mineco volatlle matter  
analyzer. 1902 

6.1.7.9 Leco sulfur analyzer.  1983 

6.1.7.10 Gilson s ieve  analyzer.  1983 

6.1.7.11 Met t le r  AE160 e lectronic  analytical 
bat ance . 1985 

6.1.7.12 Size  reduction equipment. 1900 

6.1.7.13 Dohrmann DX-206 halides analyzer. 1988 

6.1.7.14 Dohrmann OC180 organfc carbon analyzer. 1989 
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6A.8 Balances 

6.1.8.1 Mettler I451 analytical balance 

6.1.8.2 Mettler H10 analytical balance 
6.1.8.3 Cahn instruments microbal ance 
6.1.8.4 Sartorius anal yt i cal baf ance 

6 . 1 . 8 . 5  O'Haus t r i p l e  beam balance 
6.1.8.6 Sartorlus 1203MP analytical balance 

6.1.8.7 Pelouze 0100 lOOlb balance 
6.1.8.8 Mettler AE16O analytical balance 

6.1.8.9 M e t t l e r  AE200 analytical balance 
6.1.8 . 10 Sargent-We1 ch TL12000 anal ytt cal bal ance 

6.1.9 Mfcrobiology 
6.1.9.1 Precision GCA Model 2EG incubator. 

6.1.9.2 American Sterflizer Model 576A. 

6.1.9.3 Precis ion coliform incubator bath. 
6.1.9.4 Quebec dark f i e l d  colony counter. 

1978 

1978 

1979 

1980 

1981 

1981 

1986 

1986 

1987 

1992 

1986 

1986 
2986 

1986 
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6.2 I n s t r u m e n t  Matntenance 

Each i n s t r u m e n t  has a suggested maintenance schedule. Preven ta t i ve  

maintenance i s  practiced on a1 1 i n s t r u m e n t a t i o n  a t  I n t e r p o l  1 L a b o r a t o r i e s .  An 

a c t l v e  p r e v e n t a t i v e  maintenance program w i l l  minimize degrada t ion  o f  the q u a l i t y  

of  a n a l y t i c a l  resu l ts  o r  ins t rumen t  f a i l u r e .  A l l  i n s t r u m e n t a t i o n  1 s  on a y e a r l y  

maintenance schedule u n l e s s  more f r e q u e n t  s e r v i c i n g  s rcqui red. Maintenance 

schedules a re  found i n  t h e  f r o n t  o f  each i n s t r u m e n t  l o g .  I ns t rumen t  maintenance 

and r e p a i r  a c t i v i t i e s  are documented .fn the i ns t rumen t  log kep t  wi th each 

i n s t r u m e n t .  Balances a r e  s e r v i c e d  by an o u t s i d e  vendor on an annual b a s i s .  

6.3 I n s t r u m e n t  C a l i b r a t i o n  

I n  a d d i t i o n  t o  t h e  proper maintenance, callbration o f  an ins t rumen t  i s  

e s s e n t i a l  i f  accurate d a t a  are t o  be generated.  In some cases, t h e  ins t rument  

must  be tuned t o  o p t i m i z e  s e n s i t i v i t y .  I n  others, ‘It I s  necessary t o  analyze a 

set o f  known standards t o  produce a response curve. The frequency wi th  which 

these procedures m u s t  be carried out i s  d ic ta ted  by the fns t rument  manual and/or 

the a n a l y t k a l  method employed. I n  the case o f  fnstrrrment tun-fng that  i s  not 

done on a d a i l y  b a s i s ,  a l a b e l  i s  p l a c e d  on t h e  Instrument i n d i c a t i n g  when the 
procedure was l a s t  done and when I t  ds due t o  be repeated. Records o f  

c a l i b r a t i o n s  done i n  c o n j u n c t i o n  w i t h  the analysis o f  a batch o f  samples are 
f i l e d  as p a r t  o f  t h e  da ta  associated wdth t h a t  batch. 
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7 DATA GENERATION 

7 . 1  Sample Collection 

7,l.i R e s u l t s  obtained are only as  valid as the sample which i s  

submitted to the laboratory f a r  analysis,  t h e r e f o r e ,  i t  i s  essential t h a t  

a l l  individuals who collect samples be f a m i l f a r  with proper sampling 
techniques. All sampling i s  done i n  accordance wi th  Interpoll 

Laborator ies Sampling Protocol  SOP. When samples are to be collected by 
t h e  cl i e n t ,  sampl i n g  requi rements a r e  discussed k i i  t h  the client before  

samples are collected to ensure that  adequate sample i s  collected and 

appropriate containers are  used. A t  tha t  t ime,  a l s o ,  arrangements are 
made f o r  proper preservat ion and storage t o  maintain the integrity o f  the 
sample . 

7 . 1 . 2  Interpoll Laboratories Sampling Services d i v i s i o n  bas the 

capabllities t o  perform many monitorlng and sampling serv ices .  

7 . 1 . 2 . 1  Groundwater monitoring i s  performed in accordance 
w-lth standard operatlng procedures developed by In te rpo l  1 

Laboratories. These procedures are based on the 'latest MPCA/EPA 

p r o t o c o l s  and are  routinely updated by our s t a f f .  Complete 

documentation o f  a l l  f i e l d  procedures along with the analysis  of 
tr ip  blanks, f i e l d  blanks, and duplicated well samplings i s  an 

In tegra l  part  of Interpol 1 Laboratories qua1 i t y  assurance program. 

Groundwater monitoring includes groundwater sampling, leachate 

sarnpl ing,  vadose zone (tysimeter) samplfng, drtnking water and 

residential well sampling, and surface water sampling. 
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7.1.2.2 Wastewater m n i t o r l n g  includes wastewater sampling 
and f l  ow moni t o r i  ng. I n te rpo l  1 taboratori cs f i e l  d technl  c i  ans 

provide wastewater sarnpltng and f l o w  monitoring i n  any t ype  o f  

manhole or open channel flow s e t t i n g .  Interpol 1 Laborator ies 

confined-space ent ry  teams are t r a i n e d  and equipped to provide a 
professional approach to all safety-related i ssues .  O u r  teams a r e  

equipped with remote gas sensing equipment, SCBA, rescue l i f t s ,  and 

lifelines at a l l  t imes. 

7 . 1 . 2 . 3  Additional f i e l d  s e r v i c e s  inc lude  soil sampling, PCB 

contact swipe sampling, a i r  and gas sampling, hazardous w a s t e  

col lect ion and waste composition studies. 

7 .2  Chain o f  Custody 

Chain o f  custody procedures create  a paper t r a i l  fo r  the sample, 
documenting the l i fe -span from collection unt i l  the generation o f  the analytical 
report .  

Samples are collected, labeled and secured In the f i e l d .  A chain o f  

c u s t o d y  form i s  completed by the client or  the sampling s t a f f  and forwarded, 

along with the samples, t o  the  l a b o r a t o r y  f o r  analys is .  Samples are accepted 

f r o m  sampling s t a f f  or cour ier  and s igned over to Interpoll Laboratories 
personnel i n  sample receiving. The sample receiving area i s  locked when 

unattended. When samples are re l inqui shed  to  the analyst ,  the a n a l y s t  slgns the 

“ I n t e r n a l  Chain-of-Custody Sample Log” acknowledging that he has received the 

sample. Interpo l l  Laboratories’ chain-of-custody forms follow (Figures 7-1, 7-2 

and 7 - 3 ) .  
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me analyst's laboratory notebook and bench work sheets serve as the 
continuation o f  the paper trail. As such, each page of  these media are f n i t j a l e d  

and dated by the ana lys t .  A t  any pofn t  where the  ana lys fs  o f  the sample i s  

Interrupted,  the ana lys t  will note the date  and the storage l o c a t i o n  o f  the  

sample. Phis storage locatjon w i l l  be the sample r e c e i v i n g  area or another 

secured area o f  the laboratory. 
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7.3 Sample Preservation 

The c o r r e c t  preservat ion technique is important in m a i n t a i n i n g  t h e  

i n t e g r i t y  o f  t h e  sample. The purposes and applicability o f  v a r i o u s  preservation 
methods a r e  described i n  Table 7-1. Tables 7-2 through 7-8 list Environmental 

Protection Agency Recommendations f o r  sampling and sample preservation f o r  

various parameters. 

7 . 4  Sample Documentation 

Upon receipt a t  t h e  l abora tory ,  the sample description i s  entered i n t o  t h e  

Sample Log Notebook, Each sample batch I s  given a sequentfal batch number (0001 

t o  9999) ,  and each sample wi th in  that batch acquires a sequence number ( s t a r t i n g  

with 01); resu l t ing  I n  a unique number for each sample, L e . ,  X X X X - X X .  This 

number i s  entered I n t o  t h e  Sample Log Notebook next  t o  the appropriate 

descr ipt ion.  The sample number i s  placed on each container from t h a t  sampling 

1 o c a t i  on. 

A f t e r  sample numbers have been asstgned, a data packet i s  prepared for the 

sample s e t .  Anafyt fca l  request/report sheets are selected f o r  the required 

analyt ica l  work, and the parameters requested are indicated. An example i s  given 

a s  Figure 7-4.  A "Forms Dis t r ibut ion  Summary" (Figure 7-5) is prepared 

indicating which request sheets have been distributed. Chain o f  custody forms 

and invoicing information are included in the sample packet. 

The requcst/report sheets are sent t o  the appropriate a n a l y t i c a l  area, and 

the remalnder o f  the  packet i s  ffled .in the sample receiving area. The 

requestheport sheet i s  returned t o  the recetving area when the analysis i s  

complete.  When a l l  data from a given group has been returned t o  the receiving 

area, tha t  por t ion o f  the packet i s  sent t o  the appropriate Department Manager 

and t h e  Qua1 i ty Assurance Coordinator f o r  review. 
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Table 7-1. Purpose and Appl fcab i l i ty  o f  Preservation Metbods. 

Preservative A c t i o n  

Acid (HNOJ) Metal  s sol vent ,  pre- 
vents p r e c i p i t a t i o n  

Acid  (H2S04) B a c t e r i  a1 i nhi b i  t o r  

A1 kal f (NaOH) 

Ref ri ge rat i on 

S a l t  formation with 
organic bases 

Sal t formation w i  t h  
vol a t  1 1 e compounds 

Bacter ia l  i n h i b i t o r ,  
retards chemical 
reaction ra tes  

Applicable t o :  

Metal s 

Organic samples 
(COD,  o i l  & grease 
organic carbon),  
N i  t rogen-phosphorus 
f 0 rms 

Ammoni a , ami nes 

Cyanides, organlc 
acids 

Acidi ty-a1 kal i n i  t y  
organic materi a1 s , 
60D, color ,  odor, 
organlc P, organic N, 
carbon, e t c .  , biologfcal 
organism ( c o l i f o r m ,  e t c . )  

I n  summary, r e f r i g e r a t i o n  a t  temperatures near 4 degrees Celsius i s  the best 
preservation technfque avallable, but i t  I s  not applicable t o  a l l  t y p e s  o f  

sampl e s . 
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Table 7-2. Notes 

1, Polyethylene ( P )  or Glass ( G L  
2. Standard Methods, 17th Edi t ion .  

3 .  Should o n l y  be used i n  the presence o f  residual ch lo r i ne .  

4 ,  Color u n i t s .  

5 .  Maximum holding time i s  24 hours when su l f ide  i s  present.  

6. Standard Methods, 16th Edition. 
7. pH u n i t s .  

8 ,  Use the "Sampling Codes" to determine t h e  t o t a l  volume of water needed t o  

perform the analyses o f  i n t e r e s t .  To arrive a t  th ts  volume, simply t o t a l  

the "Minimum Volume" given f o r  each parameter o f  a par t icu lar  Sampling Code, 

Note tha t  the sample preservation required changes from one code t o  another. 

Therefore, separate samples must  be collected f o r  each code and cannot be 
shared between codes. Example: A l  kal i n i  t y  requl res 100 mL o f  unprescrved 

sample (code " A " )  as does co lor  (also code " A " ) ;  therefore, the total  sample 

volume required f o r  these two analyses I s  200 mL. If cyanide a l so  was 

required (code "8") , a separate b o t t l e  containing 100 mL would have been 

needed because o f  i t s  s p e c i f i c  preservatdon requirements. 

In the case o f  soil samples, no preservat ion i s  required. As a result,  a 

single sample can be taken, but the weight o f  so i l  required must  again be a 

total o f  the min imum amounts needed f o r  each indtvidual parameter. 

Also note t h a t  certatn parameters specifically require only p l a s t i c  o r  only 
g l a s s  containers as indicated by e i t h e r  a "P" or - G o "  In other cases, 

e i t h e r  p l a s t i c  or glass may be used as indicated by a " P , G . "  
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Table 7-4. In terpol1  Laboratorles Fuel Laboratory Analytical Methods. 

NO preserva t ion  or sampling conta iner  requirements are s p e d  f l e d  i n  ASTM 
met hodol ogy . 

Parameter Met had 

1. Pmximate  Analysis o f  Coal 
( S o l l d  Fuels) ASTM 03172 

1.1 Preparation ( p a r t  
o f  mod sture ASTM D2013 

1.2 Moisture ASTM 03173, 03303 
Drying Oven 

1 .3  Ash ASTM 03174 Muf f le  Furnace 

1 .4  Calordfic Value (BTU) ASTM 02015 Adfabatic 
Bomb Calorimeter 

1.5 V o l a t i l e  Mat te r  ASTM 03175 Heat a t  
Contro l  1 ed Condi t I ons 

1.6 Fixed Carbon 

2. Short Proxfmate 

By subtractlon (loo-( t 
mofsture, ash, v o l a t i l e  
mat ter )  ) 

( A  condensed, combined 
anal y s i  s f o r  11-8231 
moisture, ash,  BTU, s u l f u r . )  

Detect .  L i m i t  

- 

3. U l t i m a t e  Analysis o f  Coal 

3 .1  Moisture, Ash, 
Cat o r i  f i c Value As i n  proximate analysis 

3.2 Carbon and Hydrogen ASTM 03178 H i  temp furnace 

3 . 3  Sul fur  f r i t z  and Freeland, Anal. 
Chem 26(10) ,  1593-1595, 
(1954) Bomb wash t i t r a t i o n  

0.05% 

0.05% 

% BTU/LB 

0.1% 

0.05% 

O.OSt 
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Table 7-4. Continued 

Parameter Method D e t e c t .  L i m i t  

3 . 4  Sut f u r  (a1 ternate)  ASTM D1552 H i  temp furnace 

3.5 Nitrogen ASTM 03179 Kjeldahl-Gunning . 0.03% 

3.6 Oxygen By subtract ion (lOO-(a C ,  H, 

J 

J 
S, N, Ash, Mois ture ) )  

4 .  M i  $ c e l l  aneous .Coal 
(Sol i d  Fuel ) Procedures 

4 . 1  Calculation o f  Coal 
Analyses t o  
D i  f f c r e n t  8ases ASTM 03180 

4.2 Free Swel l ing Index ASTM 0720 flame Heat 

4 . 3  Sieve A n a l y s b  ASTM 0410 S i e v e  Shaker 

4 . 4  Fusibility o f  Ash ASTM 01587 Ash Cone 

4 .5  Los s -On-Igni ti on ASTM 03174, 11-823 
Muff 1 e Furnace 

5 .  Analys is  o f  Tap and Liquid 
Petroleum Products 

5 . 1  S p e d  f f c G r a v i  t y  ASTM 01298, 11-8225 
Hydrometer 

5.2  F1 ashpol n t  ASTM 093, II-8221 
(closed cup) Pens ky-Ma rt ens 

- 
20' F 

0.05% 

0.OOOS 

2OF + 200' 
5OMT zoo0 

5.3 Heat of Combinatjon ASTM D240 Bomb Calorimeter 5 BTU/LB 

5 .4  Sulfur Frdtr and Freeland, Anal. Chem 
26(10), 1593-1595, (1954) 
Bomb wash t i t r a t j o n  0.053 
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Tab1 t 7-4. Cont I nucd 

Parameter 

5 . 5  S u l f u r  (a1 t e r n a t e )  

5.6 Prep. f o r  CL- 

5 .7  Prep. f o r  Pb Analysis 

5 .8  Ash 

5 .9  Sulfates Ash 

5.10 Water i n  Petroleum 

5 . 1 1  A c l d i t y  o f  011s 

5 .12  Sediment i n  Oils  

5.13 PCB 

5.14 V l  scosi t y  

5.15 Pour Point  

Met hod Detect. L i m i t  

ASTM 01552 Hi Temp Furnace 

Anal ysd s ASTM D808, 11-8223 
8omb Wash - 

ASTM 02788, 11-8222 Bomb Wash I 

ASTM 0492,  11-8220 (Mod.) 
Fluf f le  0.05% 

ASTM 0874, 11-8220 Muff le  0.05% 

ASTM D95, 11-8227 
Ojstillatlon 

ASTM 01093, 11-8224 
Cent ri fuge 

ASTM 0473 Extract with 
To1 uene 

(Uone by Organic Lab) 

ASTM 0445 (Sent t o  
Come rci a1 Test 4 ng ) 

ASTM 097 (Sent t o  
Commercial Test lng)  

0.1% 

0.1 

0.058 
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Tab1 c 7-4. Cont I nucd 

Parameter 

6 .  M i  scel l  aneous Procedures 

Met hod 

6.1 Carbonate 11-8212 Acid Evaluation 

6 . 2  Equilibrium Moisture ASTM 01412, 11-8228 
Humid1 t y  Bath 

6.3 Four-poi n t  Mod sture ASTM C25, 13-8230 

D e t e c t .  L i m l ’ t  

0.05% 

0 .05% 

0 .05% 

Manual Q A / O C ,  Section 7 
Version No. 5 . 0 0  
Revislon No. 0 

Aprfl 12 ,  1991 Date 
Page 53 o f  95 

N-59 



























Table 7-7. Owantc I IRthoddOg~eS, detectlon l f m t t s ,  container t y p e s ,  sample 
volumes required  and preserva t lan  techniques. 

Water samples  f o r  herbic ides a n a l y s e s  a r e  to be c o l l e c t e d  i n  I-Chem 300 s e r i e s  

( o r  equivalent )  1000 mL amber g l a s s  b a t t l e s  equipped with tef lon- faced screw 
caps.  A t  least  one f u l l  b o t t l e  i s  needed f o r  each analysts .  Semi-volat i le  

samples cannot  be shared between analyses, is. ,  one f u l l  b o t t l e  i s  needed f o r  

Method 608 and another f u l l  b o t t l e  i s  needed f o r  Method 610. No preservat ive i s  

added t o  the  b o t t l e .  Samples are stored a t  4OC, 

S o l i d  samples f o r  herbic ides analyses  are t o  be c o l l e c t e d  i n  I-Chem 3 0 0  ser ies  

( o r  equivalent )  125 m t  or  larger amber g l a s s  wide mouth bottles equipped with 

tef lon-faced screw caps. A single  f u l l  b o t t l e  i s  required f o r  analysis ,  No 

preservat ive i s  added t o  the bottle. Samples are stored a t  4OC. 

The maximum holding times f o r  a l l  Table 7-7 a n a l y s i s  a r e  seven days  tu  

e x t r a c t i o n ,  f o r t y  days a f t e r  e x t r a c t t o n .  

Herbfcide Detectfon L i m i t s  

615 8150 

(GC/ECO) (GC/ECD) 

Olnoseb 

MCPA 

MCPP 

Picloram 
S i  1 vex 

N - Not  I f  

2 , 4 4 3  0.33 

2,4-DB 2.0 

2.4.5-T 0.30 

Dal apon 5.8 

Di: camba 19 

D i  chloroprop 0.53 

50 

25 

80 

6.3 

0.33 

ted as an a n a l y t e  f o r  t h i s  p a r t f c  

Pa rame t e r UQ/L UC?/L w/Kq 

0 . 3 3  0.0041 

2.0 0.024 

0.30 0.0038 

5.8 0.072 

19 0.24 

0 . 5 3  0 . 0066 
50 0.72 
25 0.31 

80 1.0 

6.3 0.078 

0.33 0.0041 

rlar method. 
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Table 7-8. Orqanic methodologies, detect ion I f m i t s ,  container types, sample 

volumes required and preserva t ion  techniques. 

See Table 7-5 f o r  container t y p e s ,  sample volumes requ i red ,  preservat ion 

techniques, and holding t i m e s  needed f o r  T o t a l  Hydrocarbons as Gasoline, See 

Table 7-6 f o r  conta iner  t y p e s ,  sample volumes required,  preservat ion techniques, 

and holding t i m e s  needed for  T o t a l  Hydrocarbons as Fuel Oil. 

T o t a l  Hydrocarbons Detec t ion  t imi  t s  

SO30 / 80 15 3510/3550/8015 

(P&T GC/fID) ( GC /F ID 1 
Parame t e  f UCIA W/Kcl UQ/L mQ /Ks 

A s  Fuel 011 N 

A s  Gasoltne 10 

N 

1.2 

N - Not l i s t e d  as an a n a l y t e  f o r  t h i s  particular method. 

43 

N 

1 . 4  

N 
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Aftef  approval by the appropriate Otpartmnt Manager and the Quality 

Assurance Coordinator, the  packet is given to the Lab Secretary f o r  typing.  She 

then gives the report t o  the appmpt iate  Department Managers f o r  signatures. The 
signed r e p o r t  i s  sent to the appropr iate  indiv idual  ( 5 )  A copy of t h e  report i s  

kept i n  t h e  client f i l e ,  along with the data reporting sheets and a11 QC data  

associated with the pro jec t .  
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7.5  A n a l y t f c a l  Methods 

The use o f  recognized analytical methods i s  an important p a r t  o f  q u a l i t y  

c o n t r o l .  U s e  o f  a reliable and well documented method supports the v a l i d i t y  of  

the rcsul ts. A t  Interpol 1 l a b o r a t o r i e s ,  EPA-approved methodologies are used 
whenever possible. Analyses f o r  which no EPA method i s  available are completed 

fo l lowfng recognized methods whfch have been val idated by other agencies o r  

groups, such as American Society f o r  Test ing and Materials (ASTM),  Association 

o f  O f f i c i a l  Analyt ical  Chemists ( A O A C ) ,  American P u b l i c  Health A s s o c i a t i o n  (APHA) 

and United States Geological Survey (USGS). Tables 7-2 t h r o u g h  7-8 list the 

methods currently t n  routine use a t  I n t e r p o l l  Laborator ies .  

Each ana ly t ica l  area maintains a Standard Operating Procedures (SOP) manual 
which speci f ies  a l l  o f  the equipment, reagents and procedures associated w i t h  

each a n a l y s i s .  These procedures are wrltten i n  a standard format and are 

speci f ic  for the equipment and reagents a t  I n t e r p o l l  Laborator ies.  An outline 
o f  the  standard format i s  included as Flgure 7-6. 

The SOP manual I s  used t o  t r a i n  new s t a f f  members and i s  a l so  helpfu l  t o  

experienced analysts when a procedure I s  not performed frequently. The a n a l y s i s  

f s  completed e x a c t l y  as specff ied I n  the SOP. Any deviation, such as volume 
changes, arc recorded on the l a b  work sheets so there w i l l  be no questjon about 

how a p a r t i c u l a r  sample was handled, 
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Figure 7-6. Interpol 1 Laboratories Standard Operatfng Pmccdure General 

Out1 i ne. 

1. APPLICATION 
A statement o f  t h e  type of samples f a r  which the method i s  applicable, 

2 .  RANGE 

Detect ion l i m i t s  and concentrat ion range f o r  which the method is useable.  

3 .  SAMPLE HANDLING & PRESERVATION 

Descr ipt lon of  how the samples are  t o  be c o l l e c t e d  and stored p r i o r  to 

anal y s i s . 

4 .  SUMMARY OF METHOD 

Short explanation o f  the method. 

5. INTERFERENCES 

L i s t  o f  interferences and how they are eliminated o r  compensated f o r .  

6 .  APPARATUS AND GLASSWARE 

A l i s t  o f  the equipment the analyst will need. 

7.  REAGENTS 

Detailed instructlons f o r  the preparation and standardizatfon o f  a l l  

reagents used i n  the  method. 

8 .  SAFETY 

L i  s t  o f  any potential hazards associated with the reagents or procedures. 

9. PROCEDURE 

A step-by-step descr ip t ion  of how the  method i s  carried out. 
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Flgum 7-6 Contlnucd 

10. CALCULATION 

Equations f o r  processing raw data to o b t a i n  f i n a l  results .  

11. QUALITY CONTROL PROCEDURES 

Descript ion o f  when standards, sp ikes  and duplicates should be analyzed. 

A l s o  includes any special QC needed. 

12. ACCURACY AND PRECISION 
Recovery and relative di f ference control ' I i m l t s .  

13. DATA PACKAGES 

Description o f  data dellverabfes. 

14. REFERENCES 
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7 . 6  Documentation o f  A n a l y s i s  

The r e l e v a n t  information and r e s u l t s  o f  a l l  a n a l y s e s  are recorded on the 

appropriate laboratory work sheet. The work sheets are d e s i g n e d  t o  f i t  the 

recording needs o f  Individual t y p e s  o f  analysis, but they a l l  include the date  
o f  analysis, sample identification number, r e s u l t s  and i n i t l a l s  o f  the analyst .  

R e s u l t s  obtained f o r  standards and blanks are a lso  recorded on the work sheets. 

A l l  laboratory work sheets are f i l e d  f o r  future reference.  A l l  analysts are 
requlred to fa1 low Interpoll labs standard operat ing proceedure f o r  data 

deliverables to e n s u r e  data  documentation i s  complete. The analyst w i l l  b r i n g  

a completed data package to the approprfate laboratory manager f o r  review and 

approval. Once approved, resul ts  can be reported to clfents. 
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8 DATA PROCESSIffi 

8 . 1  Expression of  R e s u l t s  

Specific guidelines f o r  the expression o f  l a b o r a t o r y  results are  followed 
i n  reporting analytical d a t a .  These guide1 i n e s  Faci 14 t a t e  the  prope r  

in terpretat ion o f  results  with  reference t o  the accuracy o f  a tes t  and 

standarddze the r epor t fng  o f  data. 

8 .1 .1  Units 

Results are expressed in uni ts  appropriate f o r  the sample subrni tted. 
For l i q u i d  samples, t h i s  1 s  most often mg/L or ug/L. I n  the case o f  solid 

samples, mg/kg o r  % w / w  are f requent ly  used. 

8.1.2 S igni f lcant  Figures 

Only s ign i f icant  figures are used f o r  t h e  reporting o f  laboratory  

results .  The proper use o f  s ign i f icant  figures i s  an indicat ion o f  the 
re1 i abi 1 i t y  and 1 i m f  t s  o f  the a n a l y t i c a l  method used. A value i s reported 

i n  s ign l f icant  f igures when i t  contains a l l  d i g i t s  known t o  be true and 

one l a s t  d i g i t  i n  doubt. For example, i f  a value i s  reported as 13.5 

rng/L, the "13" i s  known t o  be true, whi le  the "5" fs uncertain and may be 

a "4"  or "6." 

Zeros may or may no t  be significant according to  the fo l lowing 

rules: 
a. . - Final zeros a f t e r  a decimal point  are always s igni f icant  

f igures. For example, the value 9.800 grams implies that the 

weight i s  known t o  the nearest milldgram. 

b.  Zeros before a decimal point  preceded by one o r  more d i g i t s  

are s i g n i f i c a n t ,  For example, i n  the  value 300.01, a l l  zeros 
are s i g n i f i c a n t .  
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C. Z e r o s  positioned between a t  least two non-zero d f g i t s  a m  

The value 30.07 contains f o u r  sdgnif icant  always s i g n t f i c a n t .  

f i gu re s . 

8.1.3 Rounding O f f  Numbers 
Analytfca’l results are rounded o f f  by droppfng d i g i t s  which are not 

signi f icant  according t o  the  fol lowlng rules: 
a .  If the d i g i t  6, 7 ,  8 o r  9 i s  dropped, the preceding d i g i t  i s  

increased by one u n i t .  
b, If the  d i g i t  0, 1, 2 ,  3 o r  4 i s  dropped,  t h e  preceding d i g i t  

i s not a1 tered. 
If the d f g i t  S I s  dropped, t h e  preceding number i s  rounded o f f  

t o  the nearest even number. 

c .  

8 .  I .  4 Cal cut a t  i ons 

The resul ts  o f  mathematical calculations involved i n  the expression 

o f  resul ts  are  rounded o f f  f n  signif icant  figures according t o  t h e  
following rulest 

a. When numbers are m u l t i p l i e d  or divided, the resul ts  are 

rounded o f f  t o  as feu s i g n j f i c a n t  f igures as are present I n  

the factor with the fewest slgni f fcant  f igures. 

Exampler 23 X 6.034 X 4.3214 I 345,87 
1.734 

This number would be rounded t o  350. 
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b .  When numbers are subtracted o r  added, the number t h a t  has the 

fewest decimal places l i m i t s  t h e  number of  places carried I n  

the sum or di  f ferenee.  

Exampl c : 0.0324 

17.01 

24.003 

0.01 
41.0553 

T h i s  number would be rounded t o  41.06 

8.2 Data Reportinq 

Each sample that i s  rcccived by the laboratory i s  given an i d e n t i f i c a t l o n  

number which i s  entered t n t o  the master Sample Log Notebook along with the  sample 
description. When the analysis o f  a sample i s  completed and a l l  o f  the data have 

been entered on the Data Reportlng Sheet, results are forwarded to the clerical 
s t a f f  far typing. A copy o f  the Oata Reporting Sheet I s  kept on f i l e  in the 

laboratory. 
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9 DATA QUALITY ASSESMEW 

The evaluation o f  daily per formance i s  a v i t a l  l i n k  in the Quality 
Assurance Program. Sys temat ic  d a i l y  checks a r e  r e q u i r e d  t o  demonstrate t h a t  

reproducible r e s u l t s  are belng generated and t h a t  t he  method I s  measuring the 
actual  c o n c e n t r a t i o n  o f  sample ana ly te .  

~ l l  q u a l i t y  c o n t r o l  r e s u l t s  mus t  be approved b e f o r e  sample results  are 

reported. The a n a l y s t s  m u s t  comple te  a "QC Data Report" form (F igu res  9-1 and 

9-2) containing t h e  Method QC Checklist and a l l  p r e c i s i o n  and recovery  d a t a  f o r  

each batch o f  samples. I f  t h e r e  are any o u t - o f - c o n t r o l  s i t u a t i o n s  or special 

concerns, t h e y  must be noted on t h i s  f o m .  

9.1 Qua1 1 t v Contro l  De f f n I t i  ons 

I n t e r p a l l  Laborator ies,  Inc. provldes a quality assurance /qua l i t y  control 
( Q A / Q C )  package designed t o  p r o v i d e  a n a l y t i c a l l y  sound and d e f e n s l b l e  d a t a  t o  our 

c l i e n t s .  This QA/QC package i n c t u d e s  t h e  method-monitoring samples which are 
used t o  i n d i c a t e  acceptable performance. These QC samples, a long  wi th t h e i r  

acceptance c r i t e r i a ,  are deflned below, 

9.1.1 Method Blank 

The method blank i s  an a r t f f j c f a l  sample containing a l l  the  reagents  

and compounds added t o  a real sample which measures the background 

contamination levels associated with each method. 

9.1.1.1 Inorganic A n a l y s i s  

If an inorganic method b l a n k  con ta ins  an analyte  c o n c e n t r a t i o n  

which exceeds t h e  d e t e c t i o n  l i m i t ,  the source o f  Contaminat ion  m u s t  

be i d e n t i f i e d  and c o r r e c t i v e  a c t l o n  taken before sample a n a l y s i s  i s  

begun 
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Figure 9-1. Ana ly t ica l  Method Qc Checkllst 

! n t e r p ~ i  1 L a S o r a t o r  L e J  
~ 2 1  t a b - b o t o  

htckltrt A n a l v t t c r l  H r t h o d  O C  C 

P r a j r c t  N r s r :  Date: 

C a t  rqar y : 

n i t r i x :  Batch Numbers: 

h a !  y r t :  

P r e p  ne thad  fi: 

Acalvtica.! H e i h o d  I: 

Tcta! Nezber c f  frr+:!rs knr!v:@d: 

1. 

2, 

3. 

4 .  

S .  

a .  

Va!ces f a r  r l l  Inrtruaent blanks  below deteetiun l i a i t :  Y@r - No - 
Rrf r rente  s t a n d a r d  analysis: Sourcr 

Anrlvtr throrrtt c r l  Value  Qbrrrvtd V a l u t  Percm t R w o v r r v  

Witrlx S p i k t r  

Nurber 0 4  rptktd rrrplrr rnalyrrdr Average 2 Recovery: 

Range o f  2 Recovmry: 

R ~ c a v r r y  of  each s p f k r  r t t h i n  cont ro l  liaftr: Yes - No - 
Duplicates 

Number of  duplfcatr rrrplrr rnr1y:ed: 

average  Rmlrtlvr Percent Difftrrncei 

Ranpa c f  Ritrtiva Percent Differrncet 

P r e c t s i o n  f o r  iach s a t  o f  duplicitmr w i t h i n  contrul  llmltr: Yes No - 

Number o f  rrfhod b l a n k s  anrlqrtrd: 

k11 tr!ow ditrction l imit :  Y e t  - no - 

LQA-ZIRRR (b 1 
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9.1 .1 .2  Organic Analysts 
,411 a n a l y t e s  must be below t h e  method detect ion l i m i t s  except 

t h e  f o l l o w i n g  compounds: 

Vol a t  i 1 e s 
Acetone 
MEK (2-Butanone) 

Methy lene Chloride 

To1 uene 

Semi v o l  a t  i 1 e s 

B i  s ( t - e t h y l  hexyf  ) phthal  a t e  

B u t y l  benzyl p h t h a l a t e  

D i e t h y l  p h t h a l a t e  

Dimethy l  p h t h a l a t e  

D i  -n-butyl phthal a t e  

D i  -n -ac ty l  p h t h a l  a t e  

The above common1 y-detected 1 abora to ry  contarn1 nants  may be 

present i n  the method blank a t  up t o  f i v e  t i m e s  the d e t e c t i o n  l i m i t .  

A l l  results f o r  samples prepared on t h e  same day as t h e  method blank 

are c o r r e c t e d  f o r  the contamdnants found I n  the method b l a n k .  

9.1 .2  Check Sample 

A check sample i s  prepared and analyzed w i t h  each batch o f  samples 

t o  m o n i t o r  t h e  performance o f  t h e  method and t o  val idate  the c a l f b r a t i o n  

curve. Known amounts o f  the analytes o f  interest are  added t o  a matrix 
blank before  i t  i s  taken t h rough  the a n a l y t i c a l  process w i t h  the samples. 
The analytes  used t o  sptke t he  check sample are obtained from a source 
other  than those used to calibrate t h e  fnstrument. If a v a i l a b l e ,  check 
samples may be purchased from a commercial source. 

I n t r a l a b o r a t o r y  recovery 1 i r n i  t s  a re  developed f o r  each method and 

are used t o  de termine t h e  e f f i c i e n c y  o f  the a n a l y s i s .  EPA l i m i t s  are used 

u n t i l  i n t r a t a b o r a t o r y  l i m i t s  can be c a l c u l a t e d .  I f  a check sample f a i l s  

t o  meet the establfshed c r i t e r i a ,  the source o f  f a i l u r e  must  be determined 

and the a p p r o p r i a t e  c o r r e c t i v e  a c t i o n  taken b e f o r e  sample analysts I s  

begun. 
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9.1.3 M a t r i x  S p i k c / M a t r l x  Sp ike  Duplicate 

9.1.3.1 I no rgan i  c Anal y s i  s 

Ten percent o f  samples submitted are s p l i t  i n t o  t h e  o r i g i n a l  

sample, dupl i c a t e  sample, and a m a t r i x  spike.  The matri  x spike i s 

sp iked with a known amount. o f  analyte and a l l  t h r e e  samples are 

prepared and anal yzed acco rd i  ng t o  the method. 

9.1.3.2 Organic Ana lys i s  

Ten percent  o f  samples submit ted a r e  s p l i t  i n t o  the o r i g i n a l  

sample, a m a t r i x  sp ike ,  and a m a t r i x  spike d u p l i c a t e .  The m a t r i x  

spike and the m a t r i x  s p i k e  dupl  i c a t e  are s p i k e d  w i t h  a known amount 

o f  analy te and a l l  t h r e e  samples a re  prepared and analyzed according 

to the  method. 

The r e s u l t s  from t h e  sp i ke  and d u p l i c a t e  analysis are used t o  

i n d i c a t e  matrlx e f f e c t s ,  as well as t o  gather precislon and accuracy data 

f o r  each parameter. I n t r a l a b o r a t o r y  recovery l i m i  t s  are developed for  
each method and are used t o  deterrnlne t h e  e f f l c i e n c y  o f  the  ana lys is .  EPA 

limits a r e  used u n t i l  i n t r a l a b o r a t o r y  l i m i t s  can be calculated.  If the 

percent recovery o r  r e l a t i v e  percent  d i f f e r e n c e  f a i l s  t o  meet the 

established cr i ter ia ,  the source o f  f a i l u r e  must be i d e n t i f i e d  and 
c o r r e c t i v e  a c t i o n  taken. A l l  samples analyzed I n  assoc ia t i on  w i t h  the 
failed m a t r i x  sp ike  must be reanalyzed. 

9.1.4 Surrogate Standards 

Surrogate standards are compounds chemically s i m i l a r  t o  those be ing  

analyzed by GC/MS which a r e  added t o  each sample, method blank, and m a t r i x  

s p i k e j m a t r i x  spike dupltcate to mon i to r  the e f f i c i e n c y  o f  preparat ion and 

ana lys i s .  Table 9-1 summarizes the surrogates by analysis and l i s t s  the 

act ion c r i t e r i a  for  each group o f  surrogates. 
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9.2 Preci  si on 

Precision I s  the reproducibiltty o f  a method when i t  i s  repeated on a 

homogeneous sample under c o n t r o l l e d  laboratory condit ions.  Precision does not 

take I n t o  account the  f a c t  that  the observed values may be widely displaced from 

the t r u e  va lue  as a result o f  systematfc or constant errors. 

Ten percent o f  the samples are analyzed i n  dupl icate  to document that  the 

laboratory t s  generating reproducible results. The results  o f  the duplicate 
samples are recorded on a "QC Data Report" form (Figure 9 - 2 ) .  Precis ion data are  

added to the Lotus 1-2-3 Precision database. Once a s u f f i c i e n t  number o f  

duplicate samples have been determined ( a  minimum of ten) over an extended perdad 

o f  laboratory time, the precision control limit i s  c a l c u l a t e d  fo r  each parameter 

and the data are represented graphically as well as i n  tabular form. 
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A t  Interpoll Laboratories, precl slon I s  expressed e t t h e r  as absolute 

d i f f e r e n c e  o r  as re lat ive  percent d i f f e r e n c e .  

Absolute d i f f e r e n c e  ( A D )  i s  r e p o r t e d  when t he  sample r e s u l t  i s  less than 

ten  t i m e s  the method detection l i m i t .  Absolute d i f f e r e n c e  i s  calculated as 

follows: 

[Sample R e s u l t  - R e p l i c a t e  1 = AD 

The control l i m f t  i s  establ ished by calculating the mean absolute 
dtfference and mul t ip ly ing by a Shewart f a c t o r  based on the number o f  

observations i n  the sub-group. The control l f m l t  i s  recalculated quarterly uslng 

the m o s t  recent 36 d a t a  polnts .  

Precision i s  expressed as r e l a t i v e  percent dlf ference f o r  sample results 
greater than or equal t o  ten times the detect ion l i m i t  and i s  calculated as 

followst 
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The control l i m l t  i s  established by calculating the mean percent recovery 
and multiplying by a Shewart factor based on the numbef o f  observatfons i n  the  

sub-group, which f n  t h i s  case i s  two. 

Control L f d t  = 3.27 (m) 

The control l i m i t  I s  recalculated quarterly using the m o s t  recent 36 data  

points.  
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9.3 Accuracv 

Accuracy i s  the agreement between t h e  amount o f  a component measured by t h e  
t e s t  method and t h e  amount o f  t h a t  component actually present  i n  the sample. A 

method may have exce l len t  precis ion,  but recover only a p a r t  o f  the element being 

dete  mi ned because o f  poor1 y standardi zed sol ut i ons , i nexac t di  1 u t  i on techni  ques , 
inaccurate balance weights or improperly callbrated equipment. Conversely, a 

method may be accurate b u t  lack prec is ion  because o f  poor instrwment s e n s i t i v i t y  

o r  other  f a c t o r s  beyond the control o f  the ana lys t .  

A spiked sample i s  analyzed a t  a minimum o f  103 t o  v e r i f y  t h a t  accurate 
results are being generated i n  the l a b o r a t o r y .  The resu l t s  are  recorded OR a 

"QC Oata Report" form (Figures 9-1 and 9 - 2 ) .  The accuracy data are entered i n t o  

the Accuracy database. Once an adequate number o f  spiked samples have been 

analyzed ( a  mlnfmum o f  ten ) ,  over an extended period o f  t ime, the upper and lower 
control l imits f o r  accuracy are  determined f o r  each parameter and control charts 

are generated. 

Accuracy, expressed as percent recovery ( P R ) ,  i s  calculated by the 

fallowlng equation2 

(Final R e s u l t )  - ( I n i t i a l  R e s u l t )  
Spike Concentration PR = 

where "Final  Result" i s  the value obtained when the spiked sample was analyzed, 
" I n l t i a l  Resu l t "  i s  the value obtained f o r  the unspiked sample, and "Spike 

Concentration" i s  t h e  known quant i ty  which was added to the sample. 
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Contml ltrnits are bused on t h e  mean percent recovery and the standard 

dev ia t ion  o f  the percent recovery o v e r  t i m e .  Mear: percent recovery  and standard 

deviation are calculated according to the following equations: 

where N i s  the number o f  spiked samples analyzed.  

The lower control l i m i t  f o r  Inorganic parameters I s  set a t  the mean percent 

recovery minus three standard deviatlons, and the upper control limit i s  set a t  
the mean percent recovery plus three standard deviatlons. 

LCL = m - 3 ( S D )  

UCL = 13R + 3(SD) 

The lower control  limit f o r  organic parameters i s  set  a t  the mean percent 

recovery minus two standard deviations, and the upper control l imit i s  set a t  the 
mean percent recovery plus  two standard deviations. 

LCL = m - 2(SD) 

UCL = + 2(SD) 

These control lfmits are recalculated quarterly using the  mast recent  36 

data points .  
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9.4 S e n s i t l v i t v  

The detection l i m i t s  t h a t  are necessary fo r  a g i v e n  p r o j e c t  are generally 
d e l i n e a t e d  a t  the  o u t s e t .  The method d e t e c t i o n  l i m i t  i s  d e f i n e d  as the  minimum 

c o n c e n t r a t i o n  o f  a substance t h a t  can be measured and repor ted  w i th  99% 

conf idence t h a t  t he  analyte c o n c e n t r a t i o n  i s  g r e a t e r  than zero and i s  determined 

from a n a l y s i s  o f  a sample i n  a given m a t r i x  containing t h e  ana ly te .  Upon 

completion o f  the  a n a l y t i c a l  work, t h e  d a t a  i s  reviewed t o  a s c e r t a i n  t h a t  t h e s e  

d e t e c t i o n  l i m i t s  have been met.  

The method d e t e c t i o n  l i m i t  {MDL) i s  determined by the f o l l o w i n g  procedure: 

a.  An es t ima te  o f  the d e t e c t i o n  l f m i t  i s  made. 

b. A l a b o r a t o r y  s tandard  i s  prepared a t  one t o  f i v e  t imes the  est l rnated 

MDL 

c ,  A minimum o f  seven al iquots  o f  t h i s  standard are processed through 

t h e  e n t i r e  a n a l y t i c a l  method. R e s u l t s  are c a l c u l a t e d  as described 

i n  the  method and reported i n  the method reporting units.  

d. Calculate t h e  s tandard  dev ia t i on  o f  t h e  r e s u l t s :  

c (Xi standard Deviation = 

- 
where X i  i s  t h e  analytical r e s u l t ,  x i s  t h e  mean va lue,  and N i s  the 

number o f  allquots analyzed, 
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c .  Compute the MDL: 

r n L  = t x (SD) 

where t = the student's t value appropriate f o r  a 99% confidence level and 

a standard dev ia t ion  esttmate f o r  N-1 degrees o f  freedom (see Table 9-2) 

and SD i s  the standard deviat fon o f  replicate analyses.  
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Table 9-2. Table of Students’ t Values a t  the 99 Percent Confidence Level 

Number o f  Degrees of Freedom 
Rep1 i c a t e s  “-1) t 

7 6 3 .143  

8 7 

9 

10 

11 

16 

21 

26 

31 

61 
Y 

8 

9 

10 

15 

20 

25 

30 

60 

U 

2 998 

2.896 

2.821 

2 .764 

2.602 

2.528 

2.485 

2 .457  

2.390 

2.326 
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9 . 5  Completeness 

Completeness i s  calculated by the following equation: 

where SR i s  the number o f  samples f o r  which v a l i d  results  are reported and SL is 
the number o f  samples lagged i n  f o r  the  p r o j e c t .  

The QA goal f o r  completeness i s  100%. I f  t h i s  goal i s  not met, a l l  
deficiencies w i l l  be explained I n  the pro jec t  report.  

9.6 Standard Reference Mater ia ls  

Reference samples are used as check samples, They are o f  known 

concentrations and are a v a i l a b l e  f r o m  EPA and other  sources. These check samples 

are analyzed perfodlca l ly  as a measure o f  the  quality o f  the data produced by the 

analysts and the methods employed. They are also useful to v e r i f y  the accuracy 
o f  the calibratjon standards. Recoveries o f  reference samples analyzed i n  

conjunction with samples are used as an a i d  t o  data review. 

Manual QA/OC, Sect ion 9 
5.00 Version No. 

Revls ton  No. 0 
Date April  12, 1991 
Page 92 o f  95 

N-98 



10 CORRECTIVE ACTION 

~n out o f  control s i t u a t h n  ds defined as any value t h a t  f a l l s  outslde the 

cont ro l  l i m i t s .  When an analysis i s  found t o  be out  o f  c o n t r o l ,  the Department 

Manager wfll be n o t i f i e d  and f u r t h e r  analyses will not be performed u n t i l  the 
problem i s  resolved. The problem and i t s  solution are documented on Interpoll 
Laboratodes Form LQA-70 *Corrective Action Form" {F igure  10-1). Thi s form n u s t  

be completed by the analyst  and approved by the inorganic or organic Department 

Manager and the Q u a l i t y  Assurance Coordinator p r i o r  t o  the  re lease  o f  sample 

r e s u l t s .  Depending on the nature OF the s i t u a t i o n ,  the Department Manager and/or  

Qua1 i ty Assurance Coordinator may request that  t h e  samples i n v o l v e d  be 

reanalyzed. This proceedure i s  outlined i n  the Data Package SOP given t o  each 

analyst to follow. 
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Figure 10-1. Out o f  C o n t r o l  Events Log 

5; 0 RRECTZVE ACTION F R  0 H 

OATE: A N A L Y S T :  

SUMMARY OF OXSCREPANCYa 

CORRECTXVE ACTION TAKEN1 

LABORATORY MANAGER8 OATE : 

QA/QC HANACER: DATE I 

LQA-70 
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Appendix 0: Safety Plan 



Interpol  1 Laboratories 
(612)786-6020 

Safety  Policy Statement 

I t  i s  the p o l i c y  o f  I n t e r p o l l  I nc .  t h a t  every o p e r a t i o n  shall 
be performed i n  the s a f e s t  p o s s i b l e  manner, so as  t o  p revent  i n j u r i e s  t o  

persons and damaged property.  To accompl i s h  this  every reasonabf e 
e f f o r t  w i l l  be made i n  t h e  i n t e r e s t  o f  acc ident  prevention, f i r e  [ 

prevention and h e a l t h  protection. 

To implement t h i s  p o l i c y ,  Interpoll w i l l  con t inue a l l  efforts 
t o  ma in ta in  a safe and h e a l t h f u l  p lace  t o  work. To the maximum ex ten t  
possible,  we w i l l  cont inue t o  p rov ide  sa fe  working equipment, necessary 
s a f e t y  p r o t e c t i o n  devices, and f i r s t  a i d  equipment. The contro l  o f  
accidents will cont inue t o  be considered as an i n t e g r a l  p a r t  o f  our 
opera t ions  and t h e  responsibility o f  every employee. 

Since we have a l a r g e  number o f  projects a t  any t fme which 

u s u a l l y  have only i n d i v i d u a l  I n t e r p o l l  employees or small teams o f  
I n t e r p o l l  employees on the p r o j e c t  s i t e ,  i t  i s  a b s o l u t e l y  impera t ive  
t h a t  every Interpoll employee regard  his s a f e t y  and the safety o f  those 
i n  h i s  area as part o f  h i s / h e r  r e s p o n s i b i l i t i e s .  I t  i s ,  however, p a r t i -  
cularly impor tan t  t h a t  a l l  supervisors,  i n c l u d i n g  lead technic ians, pay 
spec ia l  a t t e n t i o n  t o  the  s a f e t y  o f  those employees working under their 
supervi  s i  on . 

All  work r e l a t e d  acc idents  must be reported to your 

supervisor.  It i s  the  responsibility o f  the department head i n  charge 
o f  the opera t i ona l  area i n  which an acc ident  happened t o  investigate t h e  

acc ident  and repo r t  his f i n d i n g s  t o  the  s a f e t y  committee o f  his o f f i c e .  
It I s  then the r e s p o n s i b i l i t y  o f  the department head, supervisor, and 
employee t o  make sure the necessary a c t i o n  t o  prevent s i m i l a r  acc tdents  

has been taken 
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Each employee must  review the safe ty  requirements f o r  his lher  
j o b .  There a r e  avai lable  manuals and guidelines r e l a t i n g  t o  spec i f ic  
s a f e t y  p r o b l e m  areas  such as h a n d l i n g  o f  hazardous materials.  I f  you 
have any questions regard ing  t h e  safe  practices f o r  any assigned task, 
check w i t h  your supervisor. Repeated f a i l u r e  t o  fo l low accepted s a f e  
practices or safety regulations may l e a d  t o  termination o f  your 
employment w i t h  Interpol 1 . 

Use o f  Intoxicants or Druqs 
No Interpol1 Employee i s  permitted t o  use intoxicants o r  t o  be 

under the influence o f  any intoxicant or  d r u g  while on the job. T h i s  

includes anytime when operating a company vehicle. Failure t o  obey this 
policy may result i n  Immediate termination o f  your employment w i t h  
Interpol 1 . 

General S a f e  Practices 
Safety i s  the  responsi b i l  i t y  o f  everyone employed by Interpol 1 

Inc, Our policy i s  t o  provide an environment f o r  employees which i s  as 
healthful and sa fe  as  possible,  es tab l i sh  and maintain e f fec t ive  safe ty  
procedures and p r a c t k e s  i n  a l l  company a c t i v i t i e s ,  and comply w i t h  
applicable federal s t a t e  and 1 ocal 1 aws and standards. 

The information i n  this statement about safe pract ices  i s  f o r  
your protection. Read, understand and observe the  procedures. 

Accidents don ' t  jus t  happen; they a re  caused. Most  are caused 
by the unsafe act ions o f  people a s  a result o f  l a c k  o f  knowledge, 
i n a t t e n t i o n  and thought1 essness. tack o f  know1 edge o f  these safe 
p r a c t k e s  wfll n o t  j u s t i f y  noncompliance. 

1. Accidents o r  i n ju r i e s  must be reported immediately t o  

2. Know how to do your j o b .  Check your work area t o  
Review the 

your supervisor,  no matter how minor they seem. 

determine what problems or hazards may ex is t .  

0-2 



3 .  

4.  
5 .  

6. 

7. 

8.  

9. 

10. 

11 . 

safety requirements o f  each assigned j o b  w i t h  your 
supervisor. Your a c t i v i t y  may endanger other persons or 
nearby equipment or property. Take necessary steps t o  
safeguard them. 

Report unsafe equipment, hazardous c o n d i t i o n s  a n d  unsafe  
a c t s  t o  your superv isor .  

Use the s a f e t y  equipment s p e c i f i e d  f o r  the job. 
Practice good housekeeping i n  your work area. 
For your protection, obey a l l  warning signs such a s  "Keep 
Out" "No Smoking", "Eye Protection Required", and 
"Authorized Personnel Only". 
DO not take shortcuts. Use ladders, ramps, stairways, 
and designated paths. 

DO n o t  engage i n  horseplay or  roughhousing a t  any time. 
To do so may lead t o  I n j u r y  and/or  be cause f o r  
discharge.  

No Interpol1 employee i s  permitted t o  use intoxicants or 
t o  be under the influence o f  any intoxicant o r  drug while 
on the job. T h i s  includes anytime when operating a 
company vehlcle. Faflure t o  obey this policy may r e s u l t  

i n  fmediate termination o f  your employment w i t h  
Interpoll. 
When i n  doubt about safety equipment o r  procedures 
required t o  do your job, ask your supervisor o f  Depart- 
ment Head. 
Failure t o  follow practices relating t o  your safety or 
t h a t  o f  fellow employees o r  fa i lure  t o  properly safeguard 
equipment, tools,  o r  m a t e r i a l s  may l ead  t o  your 
discharge . 

Housekeeping 

I t  i s  the responsibility o f  a l l  employees and superv isors  t o  
p r a c t i c e  good housekeeping. 
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1. 

2 .  

3 .  

4.  

5. 
6. 

Place a l l  rubbish i n  t r a s h  containers or i f  you are  
w o r k i n g  a t  a j o b  s i t e  away from your o f f i c e ,  collect 
r u b b i s h  and dispose  o f  i t  a t  the shop. 
Return unused supplies to t h e  shop a t  t h e  completion o f  

your j o b .  

Do n o t  leave toots and supplies where they w i l l  create a 
hazard t o  others. P u t  them i n  the proper  tool box o r  
return them t o  the shop. 

Wipe up spilled liquids immediately. 
Place o i l y  rage in approved meta l  c o n t a i n e r s .  

Keep change areas, t o i l e t s ,  wash-up f a c i l i t i e s  and 
drinking fountains clean. They are provided for your 
convenience and comfort, 

Personal P r o t e c t i v e  Equf pment 
Personal protective equipment can and i s  a l i f e  saver! When 

equipment has 
must use it, 

1. 

2. 

3 .  

4. 

been specif ied f o r  certain work assignments or areas, you 

Hard hats must be worn on a l l  work s i t e s  a t  a l l  times by 

employees, subcontractor's personnel and v i  s i  tors where 
there i s  any exposure t o  head Injuries. When in doubt, 
ask your supervi sor, 
Wear clothing suitable f o r  the work you are doing. 
Minimum a t t i r e  i s  long pants and a T -sh i r t .  
Wear sturdy work shoes.' Safety shoes are desirable and 
are mandatory I n  areas where there are hazards t o  f e e t .  

Sneakers and sandals are n o t  permitted. The cost o f  

safety shoes wfll be reimbursed t o  you wi th in  c e r t a i n  
restrictions, 
Wear proper eye protection when exposed t o  flying 
objects, dust, chemicals, or harmful rays. 

For detail s ,  contact your supervisor. 
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5 .  

6. 

7. 

0. 

9. 

Ear protection ( m u f f s  or plugs) must be worn a1 a l l  h i g h -  
noise level j o b s .  Cotton o r  other re la ted material i s  
not acceptable as an ear  p l u g .  When i n  doubt,  ask your 
supervisor. 
Respiratory equipment may be required i n  areas where 
heal t h  hazards exi  st due t o  accumul ations of dust, fumes 

m i s t s ,  o r  v a p o r s ,  particularly when sampling or h a n d l i n g  
sampl es containing hazardous material s . 
Safety belts and l i fe l ines  must be work when other 
safeguards, such as nets, p l a n k i n g ,  o r  s c a f f o l d i n g ,  

cannot be used. Be sure safety l ines a re  independent o f  

other ri ggi ng. 
Wear g loves  when h a n d l i n g  material which could  cut ,  t e a r ,  
o r  burn your hands, 
You must wear rubber boots for work in concrete or water. 

Fire Protection and Prevention 
Since Interpoll employees often may be working a t  a c l ien t ' s  

j o b  s l t e  o r  p l a n t ,  i t  i s  important t o  learn the procedures for reporting 
ffres  and local f i r e  safety  f r o m  the c l t en t ' s  safety personnel. 

A t  your own Interpoll office, become famil iar  w i t h  local pro- 
cedures, e x i s t ,  f i r e  hazards and the locat ion of f i r e  f i g h t i n g  
equi p e n t  . 

1. Familiarize yourself  w i t h  the location o f  al l  f i r e  f i g h t -  

2. Tampering w i t h  f i r e  f i g h t i n g  equipment i s  grounds f o r  

3. 

i n g  equipment i n  your work area. 

d i  scharge . 
Learn the classification of fires:  
Class A - Ordinary combustible materials such as wood, 

coal, paper, or fabrics where wetting and 
cooling i s  the method t o  extinguish the f i re .  



Class 8 - Flammable petroleum products o r  other  flammable 
l iqu ids  where oxygen m u s t  be excluded to 
extinguish the f i r e .  

Class C - F i r e s  i n  o r  near energized e l ec t r i ca l  equipment 

where, because use o f  w a t e r  would be 
h a z a r d o u s ,  a "nonconducting" e x t i n g u i s h i n g  

agent  must  be u s e d .  
4 .  Only approved s o l v e n t s  should be used f o r  c lean ing  and 

degreasing. The use o f  g a s o l i n e  and similar flammable 
p roduc t s  f o r  t h i s  purpose i s  prohibited. 

5 .  Keep the work area neat .  An orderly work a r e a  reduces 
the  f i r e  and accident  hazard, 

6* Where f l r e  hazards are prevalent, get  a d d i t i o n a l  f i r e  
extinguishers and/or post  a f i r e  watch. 

7. When you must weld or burn  near combustible mater ia ls ,  
move them, cover them w i t h  f i r e - r e s i s t an t  f a b r i c ,  or wet 

them down, When t n  doubt, consu l t  your supervisor.  
8, Flammable and combustible l iquids  must be handled only in 

properly 1 abel ed safety cans , 
9. Place o i l y  rags i n  appropriate covered metal containers. 
10. Do not attempt any work i n v o l v i n g  a source o f  fgnition 

near a p f t ,  sewer, d r a i n ,  manhole, trench, or enclosed 
space where flammable gases may be present, Wait u n t i l  
t e s t s  have been made with a combustible gas indicator and 

the area has been declared safe for hot work, 
11. Do n o t  weld or c u t  on a tank or i n  an enclosure tha t  has 

contained gasol ine  or  o t h e r  flammable gas o r  l i q u i d  
unless i t  has  been purged ,  and proved t o  be safe. 

1 2 ,  The use o f  open f i r e s  i s  prohibited unless spec i f ica l ly  
authorized by the responsible supervisor 

Motor  Vehicles 
1. Proof o f  v a l i d  motor v e h i c l e  l icense o f  the proper 

c la s s i f i ca t ion  i s  required before y o u  may operate a 
vehicle while employed by Interpol1 . 
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2. 

3.  

4 .  

5 .  

6. 

7 .  

8. 

Interpol1 wfll o b t a i n  a motor  vehicle report  on a l l  new 
employees . in a d d i t i o n ,  each employee who operates 
Interpoll v e h i c l e s  as p a r t  o f  his/her j o b  wi l l  have a 
m o t o r  vehi  cl e report  check annual 1 y . 
No Interpoll employee i s  permitted t o  operate any motor 
vehicle on the j o b  w h i l e  under the influence o f  any 
intoxicant o r  d r u g .  
YOU must obey a l l  t r a f f i c  laws a n d  regulations w h i l e  

o p e r a t i n g  a motor  vehicle on the j o b .  

The driver o f  any Interpoll  v e h i c l e  i s  responsible f o r  
properly securing any l o a d  and f o r  periodical ly  checking 

t ha t  the load has remained secure. 
Do not r i d e  i n  the bed o f  a t r u c k  containing materials 
whi  ch are  not  proper1 y secured t o  prevent movement. 

You are  proh ib i ted  from r i d i n g  on loads,  fenders, r u n n i n g  
boards,  or t a i l g a t e s ,  or w i t h  legs o r  arms dangling over 
the sides. 
Do not back up any vehicle o r  equipment when the  view t o  
the rear i s  obstructed unless a "spot ter"  signals tha t  i t  
i s  safe t o  do so. 

First Add 

Interpoll  employees o f t e n  work on j o b  s i t e s  where f i r s t  a i d  
equipment and f a c i l i t f e s  are fu rn ished  by the c l l e n t ,  I n  those cases, 
be sure you are familiar w i t h  procedures and personnel necessary t o  
obtaln treatment. 

When working i n  an isolated area,  i t  i s  the Lead Technician's 
responslbl l i ty  t o  be sure t h a t  a f f r s t  a i d  k i t  i s  available.  He/she 

should a1 so famil iarize himset f/hersel  f w i t h  the route  t o  the closest  
emergency serv i  ce. 
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A l l  I n t e r p o l l  o f f i c e s  have f i r s t  a i d  equipment and are l o c a t e d  

near emergency f a c i l i t i e s .  Secome familiar w i t h  t h e  l o c a t i o n  o f  equip-  
ment and w i t h  t h e  a v a i l a b l e  emergency f a c i l i t i e s .  

Tell you s u p e r v i s o r  i f  you have a physical res t r ic t ion ,  such 
as diabetes, i m p i a r e d  e y e s i g h t  or hearing,  back or heart trouble, h e r n i a  
or a v e r s i o n s  t o  h e i g h t .  We do no t  expect you t o  do a job which  migh t  
r e s u l t  i n  i n j u r y  t o  yourself or o t h e r s .  

Never move an i n j u r e d  or seriously i l l  person unless  necessary 
t o  prevent further injury. 

I f  you are i n j u r e d  on the  j o b ,  follow these procedures: 

I. GET APPROPRIATE FIRST AID/OR EMERGENCY MEDICAL ATTENTION! 
2. Contact your supervisor and our Insurance C l a i m s  

Adminls t ra tor  as soon as possible. 
3 .  f f  you receive emergency medical a t t e n t i o n  beyond f i r s t  

aid,  the  following procedures apply: 
a .  Inform the doctor /hospi ta l  t h a t  i t  i s  a j o b  related 

I n j u r y .  I f  the medfcal f a c i l i t y  needs add i t iona l  
information, have them contact  I n t e r p o l l .  

b. Make arrangements for a doctor 's  report t o  be sent 
t o  Interpoll f o r  use by the  tnsurance company. 

4. Before re tu rn ing  t o  work, you must present a doctor's 
permit.  Your supervisor will  not  a l l ow  you back wi thout  
one . 

5. As soon a f t e r  your i n i t i a l  t rea tmen t  a s  you are able, 

contact  your supervisor so t h a t  he/she may complete the 
accident r e p o r t  and we can report t o  the insurance 
company and appropriate s ta te  and federal agencies. 
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€1 ectrical  
Electrical hazards a r e  a leading cause o f  accidents. To h e l p  

a v o i d  e l e c t r i c a l  a c c i d e n t s ,  you must obey the following p r a c t i c e s :  

1. 
2. 

3 .  

4 .  

5 .  

A77 electrical  t o o l s  and equipment must be grounded. 

Power cords a n d  tools s h o u l d  be inspected and repaired i f  

f aul  t y  . 
Turn i n  damaged or defective electrical  too ls  immediately 
f o r  repair  o r  replacement. 
Temporary el e c t r i  cal cords must be covered o r  elevated 

They must be k e p t  clear o f  walkways or other locations 
where they may be exposed t o  damage o r  create  a tripping 
hazard 
Be a l e r t  f o r  hazardous areas which are n o t  proper ly  
marked 

Hand and Portable Power T o o l s  

Only tools i n  safe working condition may be used. Comply w l ' t h  
a l l  o f  the manufacturers' 1 nstructions and observe the f o l l  owing safe 
pract ices:  

1. 

2. 

3. 

4. 

Inspect too ls  d a i l y  and turn in damaged o r  defective 
tool s f o r  repairs or replacement. 
Power saws, grinders, and other power t o o l s  must be 
operated w i t h  t h e  proper guards i n  place .  Removing 
guards or rendering them inoperative may be grounds f o r  
your discharge. 
Cords and  hoses must be kept ou t  o f  walkways and  o f f  

s t a i r s  and ladders. 
When u s i n g  t oo l s  l i s ted  below or work ing  near others 
us ing  such too l s ,  you must use the a d d i t i o n a l  personal 
p r o t e c t i v e  equipment specified. I f  you have questiuns 
about  t h e  protective equipment, ask y o u r  supervisor. 
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Chipping Hammers, and  Impac t  Eye Protection and 
Wrenches Hearing P r o t e c t i o n  

C u t t i n g  Torches ,  and  Arc 
We1 ders Hand Protection 

Eye Protection and  

Power-actuated Tools ,  G r i n d e r s  Eye P r o t e c t i o n  
Hand-he1 d C h i  p p l n g  Hammers , 
Saws and Dril ls  

5 .  All portable e l e c t r i c  tools must be grounded except  

Underwri te rs  Laboratory approved,  doubl e-i nsul a t e d  too l  s .  

6. Power cords and por t ab le  power t o o l  cords must be 
inspected frequently fat.. d e f e c t s ,  and r e p a i r e d  or 
d i  scarded I 

7.  S h u t  down a l l  fuel-powered too l s  while refueling. 
8. Srnoki ng f s prohibited d u r i n g  refuel i ng o p e r a t i o n s ,  and  

other  nearby sources o f  i g n i t i o n  m u s t  be halted d u r i n g  
refueling. 

Mater ia l  Hand1 i n q ,  Storaqe and Disposal 
All material must be properly stacked and secured t o  prevent 

sliding, falling or collapse. Aisles, s t a i r s  and  passageways must be 

k e p t  clear t o  provide f o r  the safe  movement o f  employees and equipment 
and t o  provide access in emergencies. 

1. 

2. 
3.  

4 .  

Use proper l i f t i n g  techniques when h a n d l i n g  materials: 
a. Get down close t o  the l oad .  
b. Keep your back s t r a i g h t .  
c.  L i f t  gradually, using your legs. Do not  jerk or 

d. 
Stored matertals must n o t  b lock  any ex i t  from a building. 
Pipe, casing, d r i l l  rod and s i m i l a r  supplies should be 

stored i n  racks or stacked and blocked t o  prevent move- 

ment. 
P r o t r u d i n g  n a i l s  must  be bent or p u l l e d  when uncrating 
material s .  

t w i s t  . 
Get he1 p for bul ky or heavy toads.  
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Ladders 
Particularly when you a r e  on a c o n s t r u c t i o n  s i t e ,  you may be 

required t o  use a l l  types o f  ladders for access t o  your work a r e a .  Do 
not use unsafe  or m a k e s h i f t  ladders. The  following g u i d e l i n e s  app ly  t o  
the use o f  ladders provided by Interpol1 and serve as general c r i t e r i a  

t o  h e l p  evaluate the safety o f  ladders provided by the c l i e n t  or 
contractor. 

1. 

2 .  

3.  

4. 

5 .  
60 
7. 

Job-made ladders must be constructed t o  conform w i t h  t h e  

established standards, 
Manufactured ladders used on the  j o b  will be the 
industrial grade type o f  heavy-duty 1 adder. 
Broken or damaged ladders must not be used. Repair or 
destroy them immediately, Ladders t o  be repaired must  be 

tagged "00 N o t  Use" . 
Do n o t  splice together short ladders t o  make a longer 
1 adder . 
All s t r a i g h t  ladders must be tied o f f  a t  the top .  
Ladders should  not be placed agalnst movable objects. 
The base o f  the ladder m u s t  be set  back a safe distance 
from the v e r t i c a l  approximately one-fourth o f  the working 
length o f  the ladder. 
Ladders used f o r  access t o  a f loo r  or pla t form must 
extend a t  least  three feet above the l a n d i n g .  
The areas around the top and base o f  ladders must  be f ree  

o f  t r i p p i n g  hazards such as loose materials, trash and 
electric cords. 

10. Ladders which p r o j e c t  i n t o  passageways o r  doorways, where 
they could be struck by personnel moving equipment, or 
materials being handled, must be protected by barricades 
or guards. 

11. You must f ace  t h e  ladder a t  a l l  times when ascending or 
descend1 ng. 
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1 2 .  Be sure t h a t  your shoes are free o f  mud, grease, o r  other 
substances w h i c h  could cause a s l l p  or f a l l  . 
Do not carry m a t e r i a l s  up a ladder. 13. 

14, Always more the ladder t o  a v a i l  overreaching.  
15. Step ladders must be f u l l y  opened t o  permit t h e  spreader 

16. You are p r o h i b f t e d  from standing on t h e  t o p  two  steps o f  

17, Metal ladders m u s t  not be used i n  areas where they could 

Use a hand l i ne .  

t o  lock. 

a step1 adder. 

contac t  energized w i  r i n g .  
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Appendix P: Additional Analyses Conducted on Samples 
Collected on October 26 and October 27, 1992 



1 .  Results of Trace Metals Analysis Conducted by Interpoll Laboratories, Sample log numbers 
7328-1 14 and 7328-139. 

Sample Identification: 10/26/92, 1300- 1600 hours 
Sample Type: Coal 

Concentration (mg/kg) 
Metal Method as Received 

Cadmium 
Lead 
Mercury 

SW-846,6010 
SW-846,6010 
Fluorescence 

<1 
7 

0.18 

Sample Identification: 10/26/92,0700- lo00 hours 
Sample Type: Coal 

Concentration ( m a g )  
Metal Method as Received 

Cadmium 
Lead 
Mercury 

SW-846,6010 
SW-846,6O 10 
Fluorescence 

<I 
c2.5 
0.16 

2. Results of Bulk Density Analysis Conducted by Interpoll Laboratories 

Sample Type: Coal 

Bulk Densitya 
Lop No. Sample Identification L B ~ F T ~  

7328- 113 10/26/92, 1OOO-1300 hours 44.65 
7328-1 15 10/27/92,0700- lo00 hours 46.67 
7328-1 16 10/27/92, 1OOO- 1300 hours 44.8 1 
7328-1 17 10/27/92, 1 300- 1600 hours 46.59 
7328- 1 1  8 10/27/92, 6:OO p.m. 45.0 1 

Sample Type: b-dRDF Pellets 

Bulk Densitya 
Log No. Sample Identification LBLET~ 

7328-1 19 10/27/92,0700- loo0 hours 20.87 
7328-120 10/27/92, 1OOO-1300 hours 2 1.46 
7328-121 10/27/92, 6:00 p.m. 19.86 

a Analysis performed gravimetrically 
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3. Results of Sulfur Analysis Conducted by Argonne National Laboratory 

Sample Type: Coal 

LOP No. Sample Identification SUlfU&* 

2263-0 1 10/24/92,0700- 1 OOO hours 0.73 
2263-02 10/26/92, 1300- 1600 hours 0.76 
2263-03 10/26/92, 6:OO p.m. 0.7 1 

a Analysis performed by ASTM Method D3 177 
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